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FOREWORD

This report presents the results of a Study of Technology Requirements for Structures
of Aerospace Vehicles, This study was performed for the National Aeronautics and
Space Administration under Contract NAS2-5857, monitored by Mr. Kenji Nishioka
and Mr. Harry Hornby of the Advanced Concepts and Missions Division of the Office of

Advanced Research and Technology.

We wish to acknowledge the many organizations and individuals who provided us with data
pertinent to this study. A list of these organizations and individuals is included at the

end of Volume 3,
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SUMMARY

This report describes the activities of a three phase study of the economics of aero-
space structural manufacturing, The study is devoted primarily to the examination of
the technology areas pertinent to conventional (aluminum) aerospace manufacturing.
Two representative structures are used in a systems analysis of the impact of tech-
nology and program factors on manufacturing. The initial manufacturing lines are
defined using today's state-of-the-art procedures and costs. Facilities, tooling, pre-
manufacturing operations, materials, manufacturing and quality control labor are indi-
cated. Improvements in overall operations and manufacturing technology are intro-

duced to define improved and advanced manufacturing lines.

A computer model was developed for accumulating and manipulating manufacturing
data and costs and is described in detail, This program, together with those factors
and technologies identified with improved manufacturing processes, has been used to

assess the impact on cost and worth,

The five major areas of investigation and primary sources of data in these areas are
summarized in Table 1. Information related to the manufacturing technologies has
been derived primarily from Government and industry sources typified by Saturn/

Apollo structural manufacturing experience.

Results for representative structures indicate that the recurring part of the manufac-
turing processes cost is not the major portion of the total manufacturing cost. In gen-
eral it has been shown that for the manufacture of a propellant tank the facilities, tool-
ing and other nonrecurring costs represent from one-half to three-fourths of the total
manufacturing cost. This result, therefore, isolates an area which should receive

further attention in future studies for significant cost saving potential.

No single factor has a more significant impact 6n cost than the quantity of like elements
produced. For example, with a production capability of 20 elements per year, the
manufacturing cost of each element when producing 100 is less than 7 percent of the
cost of producing one element. This result reflects the effect of spreading the non-

recurring costs over a larger base.

xi
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MANUFACTURING ACRONYMS/ABBREVIATIONS

Acronym /Abbreviation

+
A/A
A/D
A/F
ASSY
BLK
C/B
c/C
CHEM
CK
CLN
CYL
DYE-PEN
EXTER
F/D
FWD
INSP
INSTL
INTER
L/T

LD

LK
LOX
MTL
OPNG
PKG
REQ
S/B
SEG
SHIP
STA
TRNSPR
u/1
WGH

Description
And
Assembly Area
Aft Dome
Assembly Facility
Assembly
Blank
Common Bulkhead
Center Cap
Chemical
Check
Clean
Cylinder
Dye-Penetrant
External
Forward Dome
Forward
Inspection
Install
Internal
LOX Tank
Load
Leak
Liquid Oxygen
Material
Opening
Package
Required
Spreader Bar
Segment
Shipping
Station
Transporter
Ultrasonic Inspect
Weigh

xiii



SECTION 1
INTRODUC TION

1.1 BACKGROUND

Previous studies have shown that significant reductions in structural weight can be
achieved with the use of advanced materials in future large launch vehicles. General
Electric Company, under contract, NASZ—3811(7), has shown that structural weight
reductions of 60 to 70 percent can be realized in large launch vehicles with the sub-
stitution of materials such as beryllium or boron/epoxy honeycomb for the conven-
tional aluminum integrally stiffened skin construction. This weight reduction is sig-
nificant in improving launch vehicle performance. Technological areas, proven to

be of interest in the above study for future large launch vehicles, were evaluated para-
metrically by the General Electric Company, under contract NAS2-5047, for technical

(1).

feasibility and economic characteristics

This study is essentially a continuation of the above studies and is a broad investiga-
tion of the manufacturing technology of aluminum aerospace structural systems to
identify the significant manufacturing factors influencing overall structural system
manufacturing cost. Results from the study are necessary to provide a manufacturing
system cost baseline and cost analysis tools and techniques along with the identifica-
tion of potential areas for cost reduction, This baseline will serve as the foundation
upon which to develop cost indices and reductions for future aerospace programs utiliz-

ing advanced materials and related manufacturing technologies.

Other studies presently in progress and/or completed for the NASA Office of Advanced
Research and Technology complement this study. Boeing Aircraft performed a de-
tailed cost study of large launch vehicles which provides a range of payload capability
under contract NAS2-5056, '"Cost Studies of Multipurpose Large Launch Vehicles, "
McDonnell-Douglas Aircraft Corporation developed a cost model and performed cost
studies of spacecraft under contract NAS2-5022, "Study of Optimized Cost/Perfor-
mance Design Methodology for Orbital Transportation Systems.'" North American-
Rockwell has studied'the costs of a spectrum of launch vehicles from performance

and cost viewpoints under contract NAS7-368, '"Influence of Structure and Material

Research on Advanced Launch Systems' Weight, Performance and Cost,"

1-1



The successful achievement of larger launch vehicles such as Saturn IB, Saturn V,
and Titan ITT has not brought the expected reduction in costs of launch vehicles. In-
stead, these multi-billion dollar launch vehicle developments have produced launch
vehicles of unprecedented success and reliability. The importance of achieving safe
and successful flights has dominated the development cycle; launch vehicle costs re-

main at the $500 per pound to $1000 per pound level.

To achieve desired costs for vehicles, all systems of the launch vehicles should be
designed on an optimized cost/performance basis. This study explored structural
manufacturing since it represents a large portion of the launch vehicle costs and a

wealth of background data could be assembled for evaluation.

Unlike other studies, this study's objective is to take a broader look at manufacturing
costs—particularly from the confext of a total program environment, Other earlier
studies (e.g., References 9, 10) have covered particular constructions and the costs
for various methods of fabrication. This study seeks to develop the comparative man-
ufacturing costs of representative structures within the total framework of a typical
space program., Where possible, impact of program-wide factors, such as safety,
reliability, configuration control, program phasing, tolerance control, quality control,
etc., have been considered. The enormity of this undertaking is evident from the size
of such programs—as in the case of Apollo which cost billions of dollars and employed
hundreds of thousands of workers. To achieve this goal, representative structures
have been identified and their manufacturing lines described by using a computer model
which makes it possible to consider the impact of advancements in technology and
changing program factors. In this manner, the study team has been able to discern

where potential future cost reductions may be available from a total program viewpoint.

The performance of this study has been assisted by numerous individuals from several
departments within the General Electric Company. The following individuals were
principal contributors to this study:

N. E. Munch General Electric Apollo Systems
R. B. Bradshaw General Electric Apollo Systems
Dr. E. Mangrum General Electric Apollo Systems
E. W. Pittner General Electric Re-Entry Systems

In addition, Dr. J. J. Burns of the University of Florida served as a consultant.



SECTION 2

STUDY APPROACH

2.1 INTRODUCTION

This study was divided into three phases spanning a nine-month period plus an addi-

tional three months for report preparation,

As illustrated in Figure 2-1, Phase I, was performed during a two-month period and
consisted of three major elements: (1) acquisition of manufacturing data, (2) manu-
facturing technology status review, and (3) investigation of the interrelation of manu-
facturing parameters and system factors, such as program management, engineering,
and design. In addition, supporting studies were performed in the areas of the specific
disciplines related to manufacturing procedures, techniques, cost, and fabrication

line modeling.

Phase II of this study was performed in four months and has included the detailed in-
vestigation of representative manufacturing baselines for two aerospace structures,
After selection of two representative structures, manufacturing analyses were made
to document the details of the tooling, facilities, and manufacturing for two produc-
tion rates. Impact of manufacturing technologies were investigated through a de-
tailed study of the impact of changing technologies and factors on these manufacturing
lines., Changes in manufacturing line configuration, tooling, facilities, and processes
were observed as the technologies, designs, and factors were varied, Descriptions
of the lines obtained for each of the major steps of this evaluation are included in this
report. Results of the economic analyses of the impact of these factors and technolo-

gies are given in later sections of this report.

A computerized mathematical model was developed to aid in this study and is in itself
one of the significant products of this investigation. This model is programmed to de-
scribe the details of the basic manufacturing lines, as well as those lines which include
potential recognized improvements. Program factors and constraints influencing
manufacturing have been included to allow rapid calculation of the impact of these
factors on manufacturing cost during Phase II of this study. While developed for spe-

cific representative structures, this type of computer program should have application



in the future for analysis of impact of program factors and constraints on any manu-

facturing line. Descriptions of this program are included in Section 4 and Appendix A,

Phase III activities spanned a three-month period. During this period, the manufac-
turing lines and technology, defined in Phase II, were evaluated for cost and worth,
Promising areas for future study were identified. Figure 2-1 depicts those work ele-
ments considered to accomplish this objective during Phase III, After establishing
criteria for rating technology differences, a cost analysis was performed for all manu-
facturing lines, both manufacturing rates, and both structural elements. An interac-
tion analysis was performed to determine the sensitivity of these costs to other system
factors., The remainder of Phase III entailed the relative evaluation of these analyses

and a final selection of technology areas worthy of future study.

The computer program developed and tested in Phase II was exercised, utilizing inputs
representing variations in both manufécturing and other system factors, For each
distinct set of input data which defines the structure to be manufactured and the con-
straints under which this process is to be completed, cost calculations were performed
at the "element" level for all feasible identified manufacturing alternatives, The de-
termination of the cost distribution including both recurring and nonrecurring cost
associated with each of the three manufacturing lines for elements 1 and 2 was com-
pleted. The costs include all costs normally incurred during manufacturing and are

in sufficient detail to permit meaningful cost comparisons between lines 1, 2 and 3,
Table 2-1 summarizes the approach and activities for the total study.
2.2 SCOPE

2.2,1 STRUCTURAL ELEMENTS SELECTED FOR DETAILED STUDY

At the conclusionof Phase I, the two separate structural elements shown in Figures 2-2

and 2-3, were selected for detail study in Phases ITand ITI. These structuralelements were
selected because current manufacturing technologies and related cost could be estab-
lished for the predetermined production rates of 2 and 20 per year for total programs

up to five years in length,

The first structural element selected, Figure 2-2, was the Support Frustum, similar

to the MARK XII frustum manufactured by the General Electric Company,

2-2
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Table 2-1

Summary of Study Activities

Phase I—Survey of Manufacturing Techniques and Factors

a. Selection of Areas to be Surveyed,
b, Survey of the Selected Areas.
c. Evaluation of Survey Data and Identification of Cost Impacting

Factors.,
d. Selection of Specific Structural Elements and Manufacturing

Technologies for Phase II Study.

Phase II—Representative Manufacturing Lines and Model Description

a, Selection and Detailed Development of Manufacturing Computed
Model.

b. Identification of Manufacturing Lines and Potential Areas for
Improvement.

c. Identified Phase III Plans to Determine Sensitivity of Manufacturing
Cost, to Changes in System Factors (Developed in Phase I), and
To the Interaction of Two or More System Factors Concurrently

Impacting the Manufacturers System.

Phase III—Manufacturers System Analyses

a, The Impact of Manufacturing Technology Differences and
Changes in Factors Upon Manufacturers Cost,
b. Interaction Analyses of More than One Change in a Factor

Concurréntly Impacting the Manufacturing System Cost,
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FORWARD DOME
(9 GORE SEGMENTS)

MATERIAL:
2014-T6 ALUMINUM

35' (10.67 m) ~§—— CYLINDRICAL SECTION
(7 SEGMENTS)

?57-625 m) DIAMETER 260" (6.6 m)
' COMMON BULKHEAD
AFT DOME
(9 GORE SEGMENTS)

Figure 2-3, Propellant Tank Structure (Structural Element No, 2)
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The second structural element selected, Figure 2-3, was a large propellant tank such
as used in a Saturn V Launch Vehicle Stage., This tank is generic and design dimen-
sions were established for a tank 21.6 feet in diameter and 56,6 feet long. A generic
type of structure was selected rather than an actual structure to facilitate objectivity
in the manufacturing analysis and to avoid undue reflection on a particular Apollo

Saturn V component,

For each of the above structures, state-of-the-art manufacturing lines, including
facilities, tooling, fabrication and assembly processes, labor requirements, and re-
lated costs were established for production rates of 2 and 20 per year. Actual data
supplied by the General Electric Company, Space Division adjusted for the selected
production rates was used in developing the state-of-the-art line for Structural Ele-
ment No, 1, Facilities, tooling, fabrication, and assembly processes for the state-
of-the-art line for Structural Element No, 2 are a composite of those used throughout
the aerospace industry for such structures, as determined during the survey trips.
Related cost data were developed by the General Electric Company cost estimating
personnel based upon experience, discussions with tooling manufacturers, and appro-

priate related data.

Using the state-of-the-art line as a base and the computer model as a tool for analysis,
problem areas were identified and solutions were developed and placed in the following
three categories:

a. Solutions Readily Available.

b. Solutions Require Technology Development.

c. Solutions Require Major Technology Development,

Changes to the state-of-the-art lines brought about by the (a) solutions formed the base
of the improved line, and changes to the improved line brought about by the (b) and (c)

solutions were instrumental in forming the advanced line,

Through the application of the manufacturing model described in Section 4, studies
were made of the effect on cost caused by changing various factors; i.e., quantity,
quality, reduction in number of design changes, etc., for the manufacturing lines
while considering various rates for facilities and tooling, depreciation, property tax,

and interest on capital invested.



2,2,2 ASSUMPTIONS

In arriving at cost for facilities, tooling, material, labor, and processes, the assump-

tions shown in Table 2-2 were used.

These assumptions were developed from numerous contacts with vendors and industry.
In particular, the Air Force Manufacturing Engineering Laboratory was helpful in

establishing typical costs used in study calculations. Care should be exercised in use
of the absolute values of cost derived in this study since cost values vary with time and

geographic location.

Since this study is primarily focused on obtaining a baseline for current manufacturing
technology, study attention was concentrated on the aluminum alloys that are the prin-
cipal materials used in space vehicle structures. Future studies should be performed
to evaluate the impact of advanced structural materials, such as beryllium and carbon
filament composites, on future manufacturing costs.

2.2.3 STUDY VARIABLES

This study is broad in scope, and evaluates the impact of many different factors and
technologies on program cost. A list of such variables is shown in Table 2-3. Vari-
ables include the types of structure, lines, quantity, costs, elements, learningcurves,
and numerous other factors. In many cases, these variables are correlated and inter-

action effects are studied.

The number of cases if all these interactions were studied would be the product of the
number of observations in Table 2-3, a number approaching one million. To keep the
study within manageable bounds, the 12 basic combinations of 2 structures, 2 rates,
and 3 lines were considered as a baseline for study evaluation. This continued to pre-
serve the broad scope of the study. Other variables have been considered for several
of these basic manufacturing lines. The results have been interpreted to identify

interactions.

The computer program MANCAN described in Section 4 was used to assist in these
calculations. Each of the variables presented in Table 2-3 is discussed in Section 3

with regard to the effect on program cost.



Table 2-2

Manufacturing Cost Assumptions

Materials Costs
Aluminum Sheet $ .68/1b*
Adhesive for Bonding 1.00/sq. ft.*
Honeycomb (Fiberglass) 20.00/cu, ft,
Extrusions (Y Rings and Cylinder Rings) 4,00/1t,

Inspection

X-Ray Weld $ 5.50/s8q. ft.*
2.00/ft. *
Sonic Inspection 5.50/sq. ft.*

Facilities & Tooling**

All costs for required fac iities and tooling are included as a non-recurring expense.

Taxes, Interest, and Depreciation

Total manufacturing program costs include:
a. The amount of depreciation of tooling and facilities and assume that the tooling
and facilities are sold for depreciated value at the end of the manufacturing program
b. As applicable interest on capital invested in tooling and facilities at the rate of 6%
of invested value per year of program length.
c. As applicable, property taxes on facilities and tooling equal 3% of depreciated
value per year of program length.

Metal Removal
Numerical Controlled Milling $ 1.50/lb,*
Chem Mill 5.50/lb. *
Tig Welding 7.00/ft.*

Labor Rate ***

Pre-Manufacturing $15.00/hr.
Manufacturing (Includes All Shop Personnel) 15.00/hr,
Quality Control (Includes Manufacturing Test) 15.00/hr.

Material Constraint

All Materials in Elements 1 and 2 are Aluminum Alloys with the exception of some fasteners.

Recycle Due to Changes

A 40 percent recycle of all pre-manufacturing operations (planning, scheduling, etc.), was
included to account for impact of changes. This assumes that 40 percent of all planning and
manufacturing engineering work would be done over to correct for changes during the manu-
facturing cycle.

Land
(Various prices were assumed for land, depending on location.)
Daytona Beach Vicinity—$12,000/Acre Cape Kennedy Vicinity—$14,500/Acre

Philadelphia Vicinity—$35,000/Acre

Factory/Building Space

(Assumed prices varied depending on usage, ceiling height.)
Low Bay Ordinary Shop (30 Foot)—$18/sq. ft. Composite Factory and
Engineering—$25/sq. ft.
High Bay Assembly (100 Foot)—$60/ft.

NOTES:

Cost Basis—All costs including tax rates and interest on capital invested in facilities andtooling are

* %
kK

hased on 1969 values and are shown without fee. Interestandtax ratesare baseduponthose

prevalent in Volusia and Brevard Counties, Florida (Daytona Beach/Cape Kennedy vicinity).

—Data from Reference 1,

—Data from Reference 2.

—Labor rates include direct labor charges and overhead and G&A expenses, including pro-
portionate share of cost of operating and maintaining the buildings and tools, heat, light,
water, services, consumable supplies, IR&D, documentation, etc,



Table 2-3

Study Variables

Variable Number of Observations

1. Type of Structure

(Size, Pressurized vs. Non- 2 Structures
Pressurized, Manned vs.
Unmanned)
2. Rate of Production
(2/Year, 20/Year) 2 Rates
3. ((Qluintllgy le)rci%\%)c):ed Average of 3 Quantities
4. State of the Art 3 Lines

(Mfg. Technology Differences)

5. Cost Elements (Areas) _
(Facilities, Tooling, Pre- 4 Areas
Manufacturing, Manufacturing)

6. Cost Elements (Labor Type) 4 Tvoes
(Material, Mfg. QC, Total) yp

7. Plant Location

(Transportation, Separation) 2 Locations

8. Learning Curves

(100 percent, 80 percent) 2 Values

9. Detail Steps in Fabrication,

Inspection ~ 80 Steps

10, Factors Variation
(Design Tolerances, Changed
Specs, Change Control, Im-
proved Scheduling, etc.)

~ 20 Factors

11, Facility and Tooling Depreciation
(100 percent write-off, straight- 3 Rates
line, sum of the years digits)

12. Taxes and Interest for Facilities
and Tooling
{(None, 3 percent tax—8 percent
interest)

2 Values
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SECTION 3

RESULTS AND CONCLUSIONS

3.1 INTRODUCTION

Results were determined by a detailed evaluation of the cost impact of changes to the
variables in Table 2-3. These variables were studied one-at-a-time and in multiple

combinations to determine their influence or manufacturing cost.

These results are presented herein, first from an overall viewpoint and then in order
following that of Table 2-3, Distributions of cost grouping by the functions listed in
Table 3-1 are tabulated in Section 3.3, followed by presentation of results from the
interactions study for multiple variations of program factors. Additional interaction
study results are given in Section 6.

Section 3 is concluded with a subsection of conclusions and recommendations for future
studies.

3.2 DISCUSSION OF OVERALL COST DISTRIBUTION AND PROGRAM VARIABLES

3.2.1 OVERALL COST DISTRIBUTION

The total cost distribution is shown graphically for the three manufacturing lines in
Figures 3-1 through 3-4 for various assumptions of depreciation, taxes, interest, and
other factors. Figures 3-1 and 3-2 show the cost distribution for the frustum structure
(Element 1) for manufacturing lines designed for production rates of 2 per year and

20 per year, respectively. Figures 3-3 and 3-4 show the analogous results for the

propellant tank structure (Element 2).

The cost distribution is further subdivided within each bar as noted by the shaded areas

to indicate the magnitude of costs for the major cost groups.

The first bar of each manufacturing line graph is the base (or nominal) case which serves
as a basis of comparison and assumes 100 percent writeoff of facilities and tooling at

the end of the program.



Table 3-1

Grouping of Like Activities Into Identifiable Cost Groups

Labor

Identification Cost Items Included in Cost Groups
Groups
Raw Material M1 | Sheet Aluminum, honeycomb, rivets
In-Process Material M2 | Bonding Cement, Die Penetrant, Maskant
Inspect Dimension nn Mechanical Inspect, X-Ray
Form -
Weld, Bond 12 X-Ray, Die Penetrant, Ultra-sonic
ASM, Other I3 Visual, Optical, Mechanical
Machining S1 Trimming, Cutting, Milling, Drilling, Sawing,
Machining
Forming S2 Stretch-form, Brake-form, Bending
Joining S3 Welding, Brazing
Tooling, Material T1 | Spreader Bars, Dollies, Load Cells
Handling
Jigs, Fixtures T2 | Templates, Dies, Hydrostatic Test Equipment, De-
greaser Tank Assembly Tower, Pressure Test
Equipment
Test-Accept Al | Acceptance Testing, Pressure (Leak) Testing
Storage D1 | Storage, Stock Room
Transport D2 | Drayage, Moving on Mobile Fixture, Dollies, Shipping,
Air-Cargo
Facilities Bldg., F1 | Bricks and Mortar, Partitions, Work Stands
Mach Tools F2 | Heat Treat, Etch, Clean and Mill, X-Ray, Weld Head,
Presses
Processing P1 | Any other processing not included above
Chem Mill, Anneal
Heat Treat, Curing
Pre-Manufacturing L1l | Near Term Pre-Manufacturing Operations Non-

Recurring Cost Including 40 Percent Recycle Plus
Recurring Cost Per Unit Manufactured
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The second bar includes the taxes and interest on capital in addition to the 100 percent
writeoff assumption. The third bar incorporates the straight line depreciation assump-
tion for the two per year production rate cases, and the fourth bar includes a combina-

tion of certain changes to the basic manufacturing lines in addition to the straight line

depreciation, taxes and interest.

The latter two or three bars are shown by dashed

lines for manufacturing line 2 because this data is based on data interpolated between

lines 1 and 2 rather than on detailed computer program runs.

For the 20 per year production rate cases (Figures 3-2 and 3-4) the fourth bar on the

graph includes the effect of an 80 percent learning curve on the recurring labor costs.

The fifth bar includes the effect of combining the specific changes in addition to the

learning curve.

A summary of the unit costs for the twelve nominal lines (3 lines, 2 production rates,

2 elements) is shown in Table 3-2. These unit costs correspond to the first bar of

each of the graphs in Figures 3-1 through 3-4. The data presented in the bar graphs

are given in tabular form in Tables 3-3 through 3-6.

Table 3-2

Unit Manufacturing Cost—K$/Unit

State of the Art Improved Advanced
Line No. 1 Technology Technology
Baseline Line No. 2 Line No. 3
10 Units $ 109.4 $ 116.5 $ 126.1
Frustum at 2/Year (100%) (106.4%) (115.2%)
(Element -
No. 1) 100 Units 21.8 21.1 19.7
at 20/Year (100%) (96.7%) (90.3%)
Tank 10 Units $1757.6 $1453.8 $1713.2
(Element at 2/Year (100%) (82.7%) (97.4%)
No. 2) 100 Units 673.7 601.8 580.8
at 20/Year (100%) (89.3%) (86.2%)

Influence of the major variables, listed in Table 2-3, is discussed in the folloWing

paragraphs.
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3.2.2 TYPE OF STRUCTURE

Two widely diverse types of aluminum aerospace structures were studied, One was a
relatively high-production, smaller diameter frustum, which was unpressurized and
for use in unmanned operations. The second structure was a larger, pressurized tank,
designed for use. in manned operations.

In general, results observed for each structure are similar—though some differences
were noted and are discussed later. The principal impacting factors related to type of
structure are associates to the differences of pressurization or nonpressurization.
Higher manufacturing costs are reflected in the pressurized propellant tank structure
since joints are welded rather than riveted as in the case of the support frustum. The
welded pressurized joints require shop environmental control, complex welding equip-
ment, tooling, safety and inspection procedures and acceptance testing. The nonpres-
surized frustum structure is riveted together. Frequently the final inspection of a
riveted joint is entirely visual whereas that of a welded joint may require a sample
welded specimen every time the "torch is lit" in addition to requiring weld grinding,
200 percent X-ray, dye penetrant inspection, and pressure testing.

3.2.3 RATE OF PRODUCTION

Production rates of two and twenty major structures per year for up to five years are
low when compared with the production of airplanes or automobiles; however, these

production rates do bracket the Saturn V and other major space hardware programs.

Production rates and program length are factors that significantly impact element cost
since they are pertinent to the defining and establishment of the cost of facilities and
tooling and in turn, expected property taxes, interest on capital, and the type deprecia-
tion writeoff most appropriate to the program. At the low production rate, cost of
facilities and tooling including taxes and interest, and other nonrecurring items for a
large pressurized structure could be 74 to 87 percent of the total manufacturers pro-
gram cost and at the high production rate, 40 to 63 percent of the total manufacturers
cost. For the nonpressurized smaller structure, these percentages range at the low
production rate from 74 to 94 percent and 40 to 73 percent for the high or production

rate,

3.2.4 QUANTITY PRODUCED

No single factor has a greater impact on unit cost than the quantity of like elements

produced. For example, with a production capability of 20 elements per year, the
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manufacturing cost of each element when producing 100 is less than 7 percent the cost
of producing one element. With a production rate of 2 elements per year, the manu-
facturing cost of each element when producing 10 is in the order of 15 to 36 percent
the cost of producing one element. These significant reductions in manufacturing cost
are the result of nonrecurring cost amortization and reduction in recurring cost re-
sulting from improved job learning.,

3.2.5 MANUFACTURING TECHNOLOGY DIFFERENCES

With the relatively low production rates of aerospace hardware program, advances in
manufacturing technologies are more likely to improve quality and reliability than re-
duce manufacturing cost. The application of automated machine tools, utilizing the

line 3 consolidated facilities, elementary interplant transportation, and the use of new
and improved processes result in the reduction of up to 60 percent in the number of

major parts and the elimination of up to 40 percent of the welded joints. The element
number 2 manufacturing cost at the low production rate remains essentially unchanged

and is decreased by 7 to 19 percent at the higher production rates,

For both elements, the unchanged or increased cost at the low production rates and
the small savings (if any) at the higher production rates is attributed to the increases

in nonrecurring costs, primarily, tooling.

Improvements in quality and reliability through the application of these new technologies
while not quantifiable at this time should be significant. For example, improvements
in element number 2 in reducing welding would improve quality, reduce possibilities of
leakage and increase payload by 325 pounds. If this payload were worth $1000 per
pound, then the overall value would increase by 21 to 62 percent over the line num-
ber 1 value.

Table 3-7

Increased Value in K$ for Payload Increase Associated With
Technology Improvements from Line No. 1 to Line No, 3

Baseline Cost | Manufacturing iag]lg;i Total A

(Line No. 1) A Savings (For $1000/ Tb) Worth
10 Units $1757.6 $ 44.4 $ 325 $ 369.4
at 2/Year (100%) (2.6%) (18.4%) (21%)
100 Units $ 673.7 $ 92.9 $ 325 $ 417.9
at 20/Year {(100%) (13.7%) (48.2%) (62%)
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3.2.6 NONRECURRING COST ELEMENTS

The costs include facilities, machine tools, jigs and fixtures, and premanufacturing
labor. At the lower production rates, the results of the study indicated that for a five-
year state-of-the-art manufacturing line program, the nonrecurring cost plus appli-
cable taxes and interest amount to 74 to 87 percent of the total manufacturing cost

and 77 to 93 percent for an advanced line program.

Compared to this, a five-year state-of-the-art manufacturing program at the higher
production rates has nonrecurring cost plus applicable taxes and interest of 32 per-

cent to 62 percent and for an advanced line program 42 percent to 72 percent.

These percentages show the importance of quantity produced since fixed (nonrecurring)
costs are amortized over the total output. Indication given by the increasing percent-
ages with the advanced technologies are that higher production is of even greater im-
portance in holding unit element cost to a minimum. Increases in nonrecurring cost
of the advanced lines are related to the increasing cost of automated and larger, more
complex machine tools.

These nonrecurring costs, considering the generally low production rates of recent

and current programs, are a significant area for further study for cost reductions,

3.2.7 RECURRING COST ELEMENTS

These costs include all manufacturing, quality control, and recurring "premanufac-
turing' labor, fabrication material cost, and expendable material such as X-ray films,
inspection materials, welding rod, etc. For the low production rates, recurring costs
for a five-year program are small, ranging from 6 to 26 percent. For the higher pro-
duction rates, the recurring cost range from 30 to 70 percent of total program cost.
The recurring cost area, as production rates approach something in the order of 20

elements per year, is a significant area for potential cost reductions.

3.2.8 PLANT LOCATION

Results of industrial surveys conducted during the Phase I portion of the study show
that the aerospace corporation assembly function is generally geographically separated
from the detailed fabrication and subassembly function. Results of this study indicate that
for a separation of one hundred miles between the assembly plant and detail fabrica~
tion and subassembly plant, transportation cost over that of a consolidated facility

amount to about one percent of the total manufacturing program cost,
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Other cost factors to be considered in relation to plant location is the skilled manpower
availability, construction cost, local taxes, mode of transportation available, and time

in transit from assembly to test or launch area,

Training programs are very expensive, To train 50 percent of the work force, it is
estimated that unit element costs increase in the order of 30 percent with a probable
additional four-percent increase in cost for limited skill workers error corrections.
Construction costs vary widely throughout the nation; construction labor costs and
total construction costs have spreads of more than 30 percent from one location to
another, Because of the size of the finished product, location near waterways or air-
ports may have a significant transportation advantage since overland transportationhas

many restrictions such as tunnel and overpass clearances, roadwidths and load capacity.

Time in transit from assembly to test or launch can be costly since the product repre-
sents invested money, and interest must be paid during transit time as well as any

other time,

3.2.9 LEARNING CURVES

Learning curves showing planned cost reductions are generally applied to produc-
tion rates of an estimated 8 to 10 elements per year or more. One Apollo contractor
stated that his learning curve was a horizontal line, and that he was actually building
several different structures rather than several copies of the same structure even
though outward appearance was the same., He further indicated that changes being

incorporated were a big contributor to keeping the learning curve horizontal.

The results in Figures 3-1 through 3-4 show the application of ""cost reduction” learn-
ing curves to the 20 per year production rate. At this production rate for a period of
five years, the 80 percent curve shows a manufacturing program cost reduction of
approximately 13 to 30 percent for the state-of-the-art, improved, and advanced
manufacturing lines. This reduction is significant and can be achieved by holding down

changes and thorough manufacturing planning.

3.2.10 DETAILS QF FABRICATION AND INSPECTION

Each manufacturing process step must be carefully defined and documented to assure

that no guess workisnecessary for the worker todo his job andto assure conformity with

all specifications. Materials and labor costs are 18 to 25 percent of total manu-
facturing cost for the state-of-the-art lines and 9 to 23 percent for the advanced lines
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at the low production rates for a five year program and 50 to 70 percent of total manu-
facturing cost for the state-of-the-art lines and 42 to 58 percent for the advanced lines
at the higher production rate. Tooling costs in percent of manufacturing program cost
increased in the order of 5 to 15 percent in going from the state-of-the-art to the ad-
vanced manufacturing line for both production rates. This increase in tooling cost as
processes are automated, is generally offset to some degree by decrease in labor and

material costs.

3.2.11 DEPRECIATION METHODS, TAXES AND INTEREST

The basic manufacturing lines and their respective cost include the assumption that
equipment and facilities depreciate to 0" value at the end of the defined manufacturing

program and taxes on these equipments and facilities are not considered.

As the study progressed, it became apparent that the nonrecurring portion of the total
cost was very significant and that methods of depreciation as well as the taxes and
interest aspect should be considered for a more realistic picture. As a result, anal-
yses in these areas looked at both straight line and sum of the digits depreciation
methods and property taxes consistent with Eastern Volusia County, Florida (3 per-
cent = $30 assessment per $1000 of valuation) and interest on principle invested of

six percent. The impact of these types of factors upon manufacturing costs are indi-
cated by Figures 3-5 and 3-6 where the cost distributions are shown pictorially to il-
lustrate the effect of taxes and interest and depreciation method upon the total program
cost. The two figures present the two extremes of the problem as related to the non-
recurring/recurring cost breakdown. For example, the data in Figure 3-5 reflects
the assumption that there is a 100-percent writeoff on facilities and tooling at the end
of the five-year program. For the low production rate program the nonrecurringcosts
are about 60 percent of the total cost and if the taxes and interest cost on the facilities
are included this boosts the fixed costs to a level of approximately 85 percent of total
costs. The corresponding numbers for the higher production rate are approximately
37 percent and 53 percent respectively. This emphasizes the importance of the fixed
cost area as a potential area for cost reduction where the facilities and tooling are

totally written off (100 percent) against the job.

The other extreme is represented by the data given in Figure 3-6 where the results are
based on the straight line depreciation method. This assumes that only the yearly de-
preciation is accumulated for the total program length and charged off as the facilities
and tooling costs. Figure 3-6 shows that for the low production rate even with the
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straight line depreciation method the nonrecurring cost plus taxes and interest are
about 75 percent of the total cost. This decreases to 30 to 40 percent for the 20 per
year rate,

3.3 COST GROUPING

The total manufacturing program has been subdivided into 17 functional cost groups.
Each of these cost groups has been given a symbolic designation. Table 3-8 shows
this cost group breakdown. As an example, cost group Number 1 is designated
M1 which designates the raw and supplied material cost. Tables 3-8 through 3-11
present the cost group breakdown in dollars and percent of total cost for each of
the three lines for both structural elements 1 and 2 utilizing both production rate
capabilities (2 per year and 20 per year). All of the data is based on a five year pro-

gram and full depreciation (100 percent writeoff) is assumed at the end of the program.

Results are also shown in the major categories of Tooling, Facilities, Transportation,
Materials and Labor. The Labor is separated into premanufacturing, quality control,
and manufacturing labor. This is the type of output used for the Manufacturing Cost
Analysis (MANCAN) computer program developed during the study. Tables 3-12 and
3-13 give a summary of the cost distributions in both dollars and percent of toal cost

among these categories for the base lines.
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3.4 RANKING AND OVERALL INTERACTION ANALYSES

3.4.1 IMPACT OF CHANGES ON PROGRAM COST

The effect of varying some of the parameters was studied so that the relative importance
of the changes could be observed. Changes to the basic lines were evaluated for
reasonable excursion of the selected parameters and are numbered 3 through 20 on
Figure 3-7. The resultant change in cost for both elements is also shown on this figure.
For this evaluation, these changes were selected to show the sensitivity of cost to the
indicated parameter and are not necessarily practicable. Information related to these
changes includes the following considerations:
Change 3—Relaxed tolerances by 100 percent, such as increasing an allowance
of £.002 to *,004 for machining, illustrating the sensitivity of cost to design
constraints and dimension tolerances,
Change 4—Reduced number of design changes by 20 percent illustrates the
impact on cost if changes could be reduced below the 40-percent level of re-
cycling assumed for these studies. ,
Change 5—Enlarges producibility files to include a 50-percent larger collec-
tion of data on processes and methods of fabrication, such as illustrated in
the Appendices of Volume 3.
Change 6—Combine specifications issued separately by Engineering, Manu-
facturing and Quality Control groups for control of manufacturing. Typical
specification processes are described in Section 2 of Volume 3.
Change 7—Improved scheduling of shop including 15 percent less changes of
scheduling in the shop, with better control of shop loads.
Change 8—Reduction of quality control process and labor cost, in particular
the reduction of some redundant operation such as inspecting welds repeatedly
by several methods, so that quality control operations are reduced 20 percent,
Change 9—Decrease of pre-manufacturing labor by reduction of recycle due to
changes from 40 percent to 12 percent. This could result from reducing the
number of changes going through the pre-manufacturing operations, with at-
tendant cost savings shown in Figure 3-7.
Change 10—Reduce design complexity by simplifying design and hence manu-
facturing operations. The assumed measure is reduction of complexity and
number of parts by 20 percent.
Change 11—Consolidate facilities (for element 2 only) from two plants into a
single plant. This reduces costs of transportation, handling and the costs of

maintaining separate facilities.
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Change 12—Changes associated with changing a manned structure (man-rated)
to an unmanned structure, but preserving the same design dimensional
tolerances.

Change 13—Increase of element size and weight by 20 percent but keeping the
same design configuration, materials and complexity.

Change 14—Includes those activities required to train 50 percent of the work
force, such as might occur in a new location of the plant or fabricating struc-
ture in an environment where there was a 50-percent turnover in shop
personnel.

Change 15—Impact of security classification (such as SECRET) on actual hard-
ware costs. Costs reflect those changes which could be necessary if a manu~
factured item becomes classified.

Change 16—Changes and cost differences if the plants were located in Ohio
rather than Florida.

Change 17-—Changes in immediately identifiable costs if all such costs related
to plant safety were eliminated. However, these costs do not include the re-
sultant costs for lost-time accidents, reduced quality products or other losses
which result from an inadequate safety program.

Change 18-—Baseline costs assume facilities and tooling are written off 100
percent at the end of the program. This change indicates the cost savings
noted if facilities and tooling have a value at the end of the program as noted
in Figure 3-7, with straight line depreciation.

Change 19—Same as 18 but with value at the end of the program as determined
by the sum of the year's digits.

Change 20—This change shows the cost increase associated with increased dis~

crepancy and scrappage by 10 percent of nominal shop load.

The corresponding tabular values of the changes plotted in Figure 3-7 are given in
Table 3-14,

Ranking these changes by impact on cost, the results are shown in Table 3-15 for both

element 1 and element 2. As noted earlier, depreciation assumptions (and hence value

of facilities at the end of the program) are important factors in determining manu-~

facturing costs.
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Table 3-15
Relative Ranking of Selected Changes to the Basic Line*

Rank 11213 4lsl6l7lslo]10]|11] 12| 13|14 |15 |16 |17] 18

|Change 18 liola | slels!|s|7]9l10]17|20| 16151312 Element 1
Number

Change

18 {1914 {1118|51613]|7(10]17]| 91 12{20]|16115|14| 13| Element 2
Number

*Basic Line is Line 1 for a Production Rate of 20 Per Year and a Five-Year Program
(100 Units) with Full Depreciation at the End of Five Years.

3.4.2 SUMMARY OF OVERALL VARIATION IN MANUFACTURING COST

The overall impact of technology improvements on the manufacturing cost of the struc-
tural elements is shown by the change in costs from manufacturing line number 1 to
manufacturing line number 3. This spans the total range considered in this study for
impact of advancement in manufacturing technologies. For each element, both pro-
duction capability rates (2 per year and 20 per year) were considered for two types of
selected depreciation methods, e.g., 100 percent writeoff of tools and facilities at the
end of the manufacturing program and straight line depreciation, Impact of taxes of

3 percent per year and interest on capital of 6 percent per year are also included in
all of the results,

Figure 3-8 shows the results of this study. The results are presented so that the
variation of the unit cost is given by the shaded range. For example, for Element
Number 1, 2 per year production rate, and 100 percent depreciation method, Figure 3-8
shows that the total change in unit cost varies from a minimum of a 19-percent increase
in cost to a maximum of a 26-percent increase in cost when going from the state-of-the-
art manufacturing technology (line 1) to an advance manufacturing technology(line 3).
The 26-percent increase in cost corresponds to a program which makes only one unit,
and the 19-percent increase corresponds to a program in which 10 units are made.

It should be noted that the bounds of this range change to 14 percent and 10 percent

for the straight line depreciation method.
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The results in Figure 3-8 point out the fact that for Element Number 1, there is little
cost advantage in going from the current line to an advanced technology as long as
there is an interest in only low production rates. Also, the data shows that an insig-
nificant advantage is gained by going to the advanced technology for Element Number 2
at the low production rate. It is only when the number of units produced is large (100)
that a significant reduction in unit cost becomes evident, Other advantages, such as
improved quality, reduced leakage potential, and higher reliability may accompany the

manufacturing technology improvements

From the myriad of calculations made throughout this study the prime variables which
affect the manufacturing cost of an element have been identified. These variables in-
clude the quantity produced, depreciation, taxes and interest, labor and material, and
the learning effect. The range of impact which these variables have on manufacturing
éost is given in Figure 3-9. The data presented in this figure are not meant to reﬂect>
the absolute upper and lower bounds; rather, these are the bounds determined from the
selected cases for which calculations were made. The values are included to illustrate
the sensitivity of costs to the major program variables and are not intended as prac-
tical suggestions for improvements. Bars are shown on the graph of Figure 3-9 for
both 2 per year and 20 per year production rate capabilities for each of the categories
and the program length is 5 years in all cases except those involving variation in
quantity produced. It should be noted that the data includes both that of structural
Element Number 1 and Element Number 2 and spans the technology differences of all

three manufacturing lines.

Referring to Figure 3-9 it is observable that in increasing the quantity of units pro-
duced from 1 to 10 at the production capability of 2 per year the range of the cost
reductions observed from all calculations was from 71 percent to 90 percent., For

the 20 per year capability this range is from 92 percent to 99 percent which illustrates

the potential of the higher production rates and quantity.

The range of cost reduction found when going from 100 percent depreciation to the
straight line method is from 42 percent to 73 percent for the low production rate capa-
bility. This range is fairly large but again, the data covers cases involving both
Elements Number 1 and Number 2 as well as spanning the technology advancements
from the state-of-the-art line (line 1) to the advanced line (line 3). The labor and
materials bars reemphasize one of the major results of this study, namely that for

the low production capability the recurring labor costs are a small portion of total

costs, They range from 9 percent to 25 percent for the cases chosen for investigation.
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3.4.3 INTERACTIONS OF RESULTS

Results were evaluated for variations of several major factors simultaneously to study
interaction effects, Figures 3-10 through 3-13 summarize results for both elements
(one and two) and production capabilities (2 per year and 20 per year) showing unit
production cost versus quantity for selected variations including:

a. Program length.
Type of depreciation.
Inclusion of tax and interest.
Technology improvements from line number one to line number 3.
Selected factors (4, 5, 8) as listed in Table 3-1,

- 0 o 0 T

Learning Curve.

The strong impact of quantity, depreciation and factors are illustrated in these figures.
For low quantity, the depreciation assumptions are important and the factors (e) and
(f) above less important, As quantity increases, the per unit cost level drops and the
impact of the other factors increases. Overall costs range over two orders of magni-

tude, indicating the importance of such manufacturing considerations.

The general approach used in the development of Figures 3-10 through 3-13 was to
start with the conditions which give a realistic upper bound on cost which corresponds
with the 100 percent depreciation including taxes and interest. From here a signifi-
cant change was incorporated which tended to lower the cost; a change in the depre-
ciation method, for instance. Then another change was included to lower the cost,
proceeding finally to the condition considered to give a realistic lower bound on the
cost. This approach included, of course, the parameters such as different lines,

quantity, etc.

Figures 3-14 and 3-15 are a combination of some of the data presented in Figures 3-10
through 3-13, Figures 3-14 and 3-15 allow direct comparison of cost between the
lower and higher production rates and the data encompasses the toal range of realistic

costs from the upper to lower bounds.

The individual calculations including detailed discussions of interactions of some of the

myriad of manufacturing factors are given in Section 6 of this report,
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Unit Cost—K$

Program Length—(Years)

2000 1 2 3 4 5
Q
1000 L
900 P>
800 NN\
\ -
700 . W
600 \.\
500
NN \ -
400 \\_ (14 100% Depreciation at
\ End of Each Program
300 : 3% Tax
6% Interest
200 \ﬁ ,‘ (2} Straight Line Depreciation -
N O | Buildings (F1) to "0" in 40
N S Years. Mach Tools (F2) to
N y 0" in 14 Years. Jigs &
100 NORR T oZ Fixtures (T1 + T2) to "0" at
90 N ~ E End of Each Program.
80 = 3% Tax
Zg RN 6% Interest
50 AN
(3)]Same as (2) + Changes
40 14 &8*
Key
20 | =—¥%—— Line1
——-O—=-~ TLine 3
10
1 2 3 4 5 678910

Quantity
*See Figure 3-7 for Definition of Changes

Figure 3-10, Unit Cost Versus Quantity for Element No. 1 at a
Production Rate of 2 per Year,
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Program Length—(Years)

2000 0.2 Il | 2 3 4
Q
1000, N\ (] 1009 Depreciation at End of
900 \\ Each Program
800 0NN 3% Tax
ggg N\ 6% Interest
500 N N
400 N\ M/

300

AN

-

N

(2) Straight Line Depreciation
Buildings (F1) to 0" in
40 Years.

Mach. Tools (F2)

to '"0" in 14 Years.

N
N
N
\\ Each Program.
N 3% Tax
N 6% Interest

Jigs &

Q

N\
200&

‘\ \

N
\
100 \\\ §
80

& Fixtures to "0" at End of
5
S
= 90 O
5
70 .
; N S
50 \><</ ::'\
40 N N
\ ad
N
30
Key ‘?
20 . ~NT
—%— Line 1 <=1
—===O—== TLine 3 B
\‘-Q\
]
18 [ (3) Same as 2 + Changes ) b
8l— * 4&8 and 80%
7 Learning Curve
6 !
1 4 20 30 40 50 60 100
Quantity Line 1—State of the Art Line
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Line i—Advanced Line

*See Figure 3-7 for Definition of Changes

Figure 3-11,

Production Rate of 20 per Year

Unit Cost Versus Quantity for Element No. 1 at a



Unit Cost In Millions of Dollars

Program Length—(Years)

30.0 1 2 3 4 5

20.0

%

0.0
9.0 NG
8.0
7.0 AN
6.0
5.0 (1} 100% Depreciation at
+—1 End of Each Program
4.0 3% Tax
6% 1
3.0 % Interest
é\\ \ﬁ (2§ Straight Line Depreciation
2.0 N Buildings (F1) to "0" in 40
N > Years. Mach Tools (F2) to
\. - ] "0" in 14 Years. Jigs &
4| | Fixtures (T1 + T2) to "0" at
End of Each Program.
1, 8 o 3% Tax
"3 \ 6% Interest
.7 -
.6 N (3} Same as (2) + Changes
- ~4e58 8t
.4
.3
.2
o1
1 2 3 4 5 678910

Quantity

*See Figure 3-7 for Definition of Changes
Note—Line 1 and Line 3 Data Coincide for All 3 Cases in this Figure

Figure 3-12. Unit Cost Versus Quantity for Element No. 2 at a
Production Rate of 2 per Year.
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B O oo

(=]

w > 1 O =1 oo

O LOO

<o

Program Length—(Years)

Quantity
*See Figure 3-7 for Definition of Changes

0.2 0.5 1 2 3 4 5
AY
N (1) 100% Depreciation at End
\ N of Each
N 3% Tax
\\\ 6% Interest
=
\\‘ // | i
\\ 1
N\ Y (2) Straight Line Depreciation
AN N Buildings (F1) to "0" in
\\\ \\‘ \ ;10 'X)e"a?s.MlVSI{ach.Too}‘s (Fg)
o in ears. Jigs
x\ \EK E‘ Fixtures (T1 + T2) to "0"
\ ‘\ \\ at End of Each Program.
\\ - \\ 3% Tax
<\ \\ \\ 6% Interest
N NS
\\\ ) N
\ \\\ \\ \\
\ AN NN
N o NN
N WPraN 3
N <
N e \“ T
N _——
NI —
‘:x ‘2---
Y
-~ (3) Same as (2) + Changes
Key X » 4 &5 &8* and
—¥—— Line 1 : \\ ::r l 80% Learning Curve
—==0——- Line 3 \\
N M
s w—
1 2 3 4 5678910 20 30 40 5060 100

Figure 3-13. Unit Cost Versus Quantity for Element No. 2 at a
Production Rate of 20 per Year



2000

1000 ‘\

900 AN

800 AN

700 N\ '
600 NN\ 100% Depreciation
500

400 V \

300 \

2 Per Year

200

Unit Cost—K$

20 Per Year

80
10 N o—
60
50 /.
40 SL Depreciation // \\
/
30 N /
Key \
20 }—| ——W——— Tjine 1 N
Qe T inE 3 80% Learning Curve

10

1 4 10 20 10

Quantity
NOTES:

(1) 100% Learning Curve Except As Noted

(2) Changes 4 & 8 are Included in the Lower 4 Curves

(3) Tax and Interest Included—All Curves

Figure 3-14. Cost Impact of Quantity for Various Change for Element No. 1
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40000 \
30000 (1\\

20000 \\
AN

10000 < D
AN N\
N NN\
6000 & \\ \\{ 100% Depreciation

> \\ 2/Year \{ V&

& 3000 :
% 0 N\ e NN 20/Year ___|
8 2000 N
. 7 77 ——
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3.5 CONCLUSIONS AND RECOMMENDA TIONS

Quantity has the largest impact on the unit manufacturing cost of the typical aerospace
structures considered in this study. Large nonrecurring costs (including facilities de-
preciation) are required which must be written off against a small number of units pro-
duced. As quantity increases, the nonrecurring cost burden for each unit decreases.
Improved learning is the secondary contributor to reduced unit cost with increased

quantity.

Other factors of significant influence are: (a) methodsof joiningpressurized structures,
and (b) consolidation of facilities in which the manufacturing and assembly facilities are

geographically separated. In the former case there is a potential for cost reduction
through improved welding techniques. Improvements in this area may facilitate reduc-
tion in the extensive quality control labor required with present techniques. In the lat-
ter case, a significant cost reduction can be realized by consolidating the manufactur-
ing and assembly facilities into a single plant.

The advanced manufacturing technologies investigated show limited potential for cost
reduction for the conventional aluminum materials., Advancements in manufacturing
have progressed at a pace consistent with related technologies leaving only limited
potential for major cost reductions. However, significant benefits of manufacturing
technology advancements may be realized through improvements in quality.

In general, large (order of magnitude) cost reductions are not indicated for the con-
ventional materials and designs at the low quantities inherent with most aerospace
structural applications. The most significant area for large cost reduction, within
the constraints of limited quantity, is in the potential of advanced designs which mini-
mize nonrecurring (facilities and tooling) costs. Advanced materials, such as com-
posite materials, may be in this category. Advanced techniques for fabrication and

inspection may permit low cost facilities and hence significant cost reductions for
future aerospace equipment.

Recommendations for further studies to better define technology and explore cost re-
ductions include the following:
a. Advanced materials study to explore potential for reduced nonrecurring
costs as well as improved quality and performance.
b. Evaluation of applicability of these study results to aircraft and to reusable

space vehicle structures.
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Low cost facilities study.

Welding techniques and quality control study.
Use of the "MANCAN" computer program for other manufacturing applica-

tions including analysis and documentation of processes.

These studies, particularly a. and b. above, should lead to identification and explora-

tion of new fields of technology for future lower-cost vehicles.
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SECTION 4

MANUFACTURING COMPUTER MODEL

4,1 METHODOLOGY

4,1,1 MODEL REQUIREMENTS

Requirements were established for a manufacturing computer model as follows:

a.

Definition—A semi-automated (combined manual and computer routines)
model shall be capable of rapidly assembling costs and labor.distribu—
tions for each of the detailed steps in the manufacturing process.
Objective—This model shall have the capability to rapidly evaluate influ-
ence of variable program factors and manufacturing technology on cost
and worth.

Scope—The model shall include facilities and grounds, tooling, machine
tools, jigs and fixtures, pre-manufacturing (expediting), quality control,
manufacturing processes, and manufacturing test. The model shall en-
compass sufficient flexibility to handle various structural configurations,
line configurations, rates of production and period of production (total

quantity), and plant locations.

Learning Curve—The model shall include provisions for incorporating

reduction in cost as a function of quantity produced, by a standard learn-
ing curve procedure (such as the Stanford Learning Curve),
Operation—The automated system shall be set up in a user-interactive
mode on a time-sharing computer system so that the user can control
runs and output from a remote terminal. Instructions may be entered
either directly or from a storage file.

Output—The program shall produce either a detailed or summary output
listing each of the categories of cost and labor activity and the subtotals
by each of these categories. The output shall indicate assumptions as
well as results. Costs and labor shall be expressed either in absolute

numbers or as percent of the totals.

A schematic illustration of the model requirements is shown in Figure 4-1, In this

figure, those operations external to the computer program are noted, as well as inputs

and outputs to each module or operation. The basic computer program is shown in
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the elliptical frame; the other activities support or analyze results of this basic pro-
gram. The manufacturing line definition was performed manually, and the resultant

lines and analyses are described in Section 5.

4,1,2 MODEL SELECTION

In selecting a model to meet the above requirements, several possible types of models
were considered, including:

a. Explicit model—building each model as required to meet specific require-
ments of each line. This would result in as many models as combinations
of lines and configurations.

b. Simulation model which simulates the flow process by simulating each
step, process utilization of machines,personnel, etc. An example of this
simulation is the GPSS program such as described in Reference 12,
Again, a separate model is required for each line.

c. Simplistic (throughput) model, which accumulates costs from specific
data files in a general purpose assembly program with a specific out-
put format.

The third model type above—the simplistic or throughput model—was selected to more
readily accommodate the study data while producing outputs on a standardized format,
This model, described in more detail in the following paragraph, is an accumulation
type of system where data is identified and summed to produce requested totals. No simu-
lation or looping features are provided, rather each individual step is determined and
costed separately on a one-time-through basis. This simplicity allows considerable
flexibility in the data processed and virtually unlimited number of input line configu-
ration and factors studies.

With the selected model, the input data and line identification items are processed
manually into data files prior to operation of the computer program. In like manner
the interpretation of the impact of technology improvements or variations in program
factors are performed manually using several assisting programs as desired from the
time-sharing libraries, including:
a. Regression analysis to determine impact of mult;ple variables on results.
b. Integer programming optimization routines to select preferred combi-
nations of improvements in the presence of real program constraints,

c. Factorial design analysis,
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The results are interpreted and assembled in Section 6 to indicate impact of program

parameters on total costs.

4.2,.1 SUMMARY

In summary, the automated manufacturing model is a system that quantifies the cost of man-~
ufacturing a typical piece of aerospace structure. The manufacture of specified structures
is considered in detail. The costs incurred are broken down into four categories:
" a. Tooling.
b. Facilities.
c. Pre-Manufacturing.
d

Manufacturing Processes.

The individual steps that are performed during the manufacture of these structuresare
input together with manufacturing labor rates and other data into separate files. The
basic set of steps that are performed to manufacture these structures based on current
technology and capabilities are denoted as the state-of-the-art manufacturing line (Line
1). The costs associated with the total manufacturing activity for a structure areaccu-
mulated and displayed as total cost.

In addition to the basic manufacturing line (Line 1), two additional manufacturing lines
are established (Lines 2 and 3): Line 2 incorporates improvements that can be made
to Line 1 with present technology and Line 3 incorporates advanced manufacturing ideas

that are determined to be feasible for the manufacture of these types of structures.

Options available include the capability of varying production rate (2 per year and 20
per year), quantity produced, and use of learning curves. The capability has been in-
cluded to allow assessment of the difference in total program costs when specific

changes are made in the nominal manufacturing procedures.

4.2,2 INPUT/OUTPUT

The input requirements and the output options of the Manufacturing Cost Analysis Pro-

gram (MANCAN) are shown in Figure 4-2.



- Output

Summary Costs

of Tooling, Facilities,
Transportation,

= < Pre~Manufacturing,
and Manufacturing
Processes in $ or %
total cost.

-

Input

Line No. (1,2,3)

Prod. Rate (2/yr, 20/yr)
Structure No. (1,2)
Parameter Variation

No. (1 ton)

Program length (yrs)
Output detail needed
Learning curve used
Dimensions of results

> o B

MANCAN
Computations

o IR B e I )

Detail Output

of costs of each
individual step in

< the manufacturing
procedure plus sum-
mary cost breakdown
in $ and M/hrs.

.

Figure 4-2. Input/Output of the Manufacturing Cost
Analysis Program (MANCAN)

4.2,3 MATH MODEL

Typical equations for cost calculations include the following:

Let
K5 = Program Length (Years).
K6 = Production Rate,
L5 = Quality Control Labor Rate.
L6 = Manufacturing Labor Rate.
F = Learning Curve Factor.
K4 = Change Number.
Di,j = The matrix'containing material cost, quality control labor and
manufacturing labor cost data.
di,j = Elements of Di,j
di 1 =. Material cost per unit.
di ,2 = Material correction factor code number.
d; 3 = Quality Control labor (M/hrs) per unit.
di 4 Quality Control labor correction factor code number.
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Then

where

d; ; = Manufacturing Labor (M/hrs) per unit.
di 6 = Manufacturing Labor correction factor code number.
Ci i = Matrix of correction factors.
¢ j = Element of matrix Ci i {Correction factor j corresponding
to change i from the nominal case.)
N = Total number of steps in Manufacturing Process.
T1 = Material cost.
T2 = Quality Control labor cost.
T3 = Manufacturing labor cost.
i = Manufacturing step number.
TL = (K5) (K6) (4 ;) (o, 0, )
T = K5 @6 (B @9 (o g ) o)
TS = KB KO M) (45 (g, ) (LO
1 , K6 = 2
1 S , K6 = 20
20 (K5) @
I =1
S = Slope of learning curve on log-log paper.

The total process cost is therefore

N
T = E (T1, + T2, + T3,).
1 1 1

i=1

The material cost, quality control labor and manufacturing labor costs are,
respectively:



4,2.4 FLOW DIAGRAM

A flow diagram for the manufacturing line computer program MANCAN is shown in
Figure 4-3. The files with suppyorting data which can be called to run this program
are shown in Table 4-1, The main program is called MANCAN, the file containing
factor variation with program change is named FACTORS.

The main data files are listed in the matrix in Table 4-2, with file titles indicated at
appropriate locations on this matrix.

Table 4-1

MANCAN Operating Files

" Name Title
Factors FACTORS
Main Program MANCAN
Input Data INPUT

4.2,5 EXAMPLE OF OPERATION

A sample operation is shown in Figure 4-4, which gives the steps necessary to run the
MANCAN program., All of the circled information was typed in by the program
operator.
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{9321 EST 24 DEC 78

NEW QR OLD--OLD

znr:n FILE nans<§:::jb

- MANCAN 18322 @ 12/24/798
DO YOU WANT TO RUN USING FILE INPUT? TYPE YES OR NO.?(NO)
oo YOU WANT THE OUTPUT IN °S° OR °X_OF TOTAL COST® £ s orR 223
DO YOU DESIRE USER INSTRUCTIONS? TYPE YES OR NQ.?
THERE ARE FIVE FACTORS WHICH MUST BE INPUT WHEN THE
NEXT QUESTION MARK APPEARS. _THESE MUST BE INPUT IN THE

FOLLOVING ORDERS K1,X2,K3sK4sKS
WHERE s

_ Ki= LIVE NUMBER (1,2,0R 3) _
Kisis STATE-OF-THE=-ART MANUFACTURING LINE
K1e2: IMPROVED MANUFACTURING LINE
_Ki®3: ADVANCED MANUFACTURING LINE .
K2 ALLOWS TME PRODUCTION RATE SELECTION
“¢K@=1 FOR 2/YRe KE=2 FOR R6/YR) _ .
X3 ALLOWS THE SELECTION OF TME STRUCTURE
K3=1 FOR THE TANK ASSEMBLY
K3=2 POR THE MARK XI1 ADAPTER ASSEMBLY
Ka ALLOWS THE SELECTION OF A CHANGE TO BE MADE TO THE NOMINAL
MANUFACTURING LINE
K41t FOR THE NOMINAL LINE _
K4s23 ANY COMBINATION OF THE FOLLOVING CHANGES
Kan3: TOLERANCES ARE RELAXED BY 100%
K4s4: DESIGN CHANGES REDUCED BY 20%
K4sS3 PRODUCIBILITY FILE ENLARGED BY S8X
Ka=63 1SSUE _JOINT ENGR/MFG/QC SPECS
Kan7t IMPROVED SHOP SCHEDULE & LOAD
Kau83: REDUCE QUALITY REQ'MTS BY 20%
Kas9s DECBEASE PRC-MFG. LABOR RECYCLE TO 12%
. NOTEs 48% LABOR RECYCLE CONSIDERED NOMINAL
Ka=1@3 REDUCE DESIGN COMPLEXITY BY 20%
Ka=i1g CONSOLIDATE TO t FACILITY
Ka=12¢ GO FROM MANNED TO UNMANNED
K4=13t INCREASE PRODUCT SIZ2E & WT. BY 20%
Keni4s TRAIN S83 OF WORK FORCE
K4=1Ss G0 _FROM UMCLASS. TO CLASSIFIED SECURITY
Kawigs MOVE WPG. PLANT FROM FLA. TO OM1O
K4s175 DELETE PLANT SAPETY PROGRAM
K4uiB: S YR STs LINE DEPRECIATION
K4=193 SUM OF YRS DIGIT DEPREC.
_Kae28: INCR. SHOP LOAD 10% FOR CORRECTIONS

g%i;i; THE TOTAL PROGRAM LENGTH IN YEARS
DETAILED OUTPUTCENTER D)sOR SUMMARYCENTER $)?
DO YOU VANT A LEARNING CURVE CFFECT INCLUDED? YES OR MO?
ENTER TME PERCENT STANFORD G!S!RED '

ENTER TME TOTAL MG. OF CHANG
ENTER THE 3 CHANGE NUMBERS?(425-8)

3"\

Figure 4-4, MANCAN Program Operation
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After the READY signal is received, the program is available to the operator. If any
changes are necessary, they can be made at this time. For example, the hourly labor
rate for Quality Control, Manufacturing, and Pre-Manufacturing activities has been
assumed to be $15 per hour for most of the cases investigated. These rates can be
changed by changing lines 140, 150, and 160 of the program, This can be seen by in-

specting these line numbers in the program listing in Appendix A.

Following the changes to the program, the program can be started by typing RUN, The
first question that must be answered is whether or not to make a run using the INPUT
file. The INPUT file is a file that is created external to the main program MANCAN,
If a number of runs is to be made, this is the method whereby all of the runs can be
made at one time by establishing a file called INPUT. Each line of the INPUT file
must have at least nine entries; these entries correspond to the nine variables K1,
K2, K3, K4, K5, P$, K6$, P, Y$, Z1, Z(1), Z(2) . . . Z(Z1). The first five vari-
ables are defined by the information in Figure 4-4, P$ is the key that allows the se-
lection of the output printout format; input S for Summary, D for detailed or B for
both., K6$ is either YES or NO and answers the question as to whether a learning
curve is to be included. P is the percent learning curve desired if used, and Y$ is
either $ or %, which tells the program whether the results are to be printed in dollars
or in percent of total program cost. If more than one change is to be incorporated in
a run K4 must = 2, and the Z factors following Y$ must be put in, Z1 gives the total
number of changes to be incorporated simultaneously and the Z(i) are the actual change
numbers to be incorporated. It should be noted that the combination of changes to be
used simultaneously should be chosen discretely. For instance the results would have
little meaning if two types of depreciation were considered at the same time. The
program logic will allow any of the changes to be used simultaneously so it is left to
the user to be aware of what he is asking.

Each line of nine (or more) entries in the INPUT file establishes the data necessary
for one run of the program, and as many cases as desired can be put in the file. If
the INPUT f{ile is not used, the program proceeds to ask questions as shown in Fig-

ure 4-4 so that enough data is obtained to make a run.

The computer output corresponding to the data given in Figure 4-4 is shown in Figure 4-5,
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MANUFACTURING COST ANALYSIS
SERBEREBSLRLLVVHISR VRSB HRD

LINE: STATE-OF-THE-ART MANUFACTURING LINE CLINE 1
STRUCTURES PROPELLANT TANK STRUCTURE CELEMENT 2)
PRODUCTION RATE: 26 PER YEAR

PERCENT LEARNING CURVE USED: 88

VARIATION FROM THE NOMINALT CMANGE NO.(S) a4 ¢ S ¢ 8
TOTAL PROGRAM LENGTH: S YEARSs NO. OF UMITS PRODUCED: 386
LABOR RATES-(S/HR): PRE-MFGe= 1Se 5 @oCo= 13. 5 . MFGe~ 15,

SUMMARY OF RESULTS

VBOBODEDADH®RGOD DS DD

MAT L GeCe MFGe PRE=-MFG. TOTAL
CoST LABOR LABOR LABOR cost
(KS) (M/HR) (M/HR) {M/HR) (KS)
TOOLING 1241 .9%
PACILITIES 1849407
TRANSPORTATION .. : By
NON=RECURRING COST 46.8504
. . .RECUBRING COST 252.72
PRE=MANUFACTURING . e e
NON=RECURRING COST 4130%. 6 6192584
. RECURRING COST .- - e - 2689S. A1 30423
MFS. PROCESSES 714773  72845.9 159789%. 186361
714773 72845.8 159799 62268-.6 37605.3
LABOR IN (K$) € 1092.,68 3 { 23%9%.64 3 UNIT COST: 376.033

USED S.85 UNITS

Figure 4-5. MANCAN OCutput Corresponding to Input Given in Figure 4-4.
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SECTION 5

IDENTIFICATION OF MANUFACTURING LINES AND
POTENTIAL AREAS FOR IMPROVEMENT

5,1 DESCRIPTION, STATE OF THE ART MANUFACTURING LINE, LINE 1

5.1.1 PROPELLANT TANK STRUCTURE, ELEMENT NO. 2

5,1,1.1 General Description

The liquid hydrogen, liquid oxygen propellant tank structure, illustrated in Figure 2-2,
is characteristic of large tanks used on the Saturn V and planned for the Space Shuttle.
For this study, the aluminum alloys are retained with at least some welding on all
designs. Since the structure must be absolutely pressure tight—especially between
the hydrogen and oxygen tanks, considerable care and inspection are required. This
requirement, coupled with the large (260-inch diameter) size has necessitated a rather
detailed manufacturing analysis. However, this structure should provide realistic
observations and study results of the impact of program factors on construction, since
its size and construction are similar to today's technology. The construction of this
tank is a hybrid between the methods used on the S-II stage, S-IVB stage, or planned
for use on the Space Shuttle tankage. The manufacturing lines are principally con-
cerned with two domes, a common bulkhead, and a cylindrical éection. Characteris-
tically, these are formed with large machines, either as stretch forming of compo-
nents which are welded into the whole, or as major sections which are formed or spun

in toto and then assembled with fewer welds.

Technology advancements for this structure are concerned, in the main, with these
major operations: stretching, tank forming, joining, inspecting and material handling.
Details of the manufacturing lines incorporating these operations are described in the

following sections.

The initial line (line 1) presumes a realistic, today's state-of-the-art situation where
tank components are fabricated in one location and assembled in a second location. Of
the several major Saturn V/Apollo components studied during Phase I, all were made

in this manner-—components were fabricated in one plant and assembled in another.



The details of the manufacturing processes, tools and material handling are sum-
marized in Figure 5-1 for this propellant tank. The processes and tooling indicated
in this figure are described in the following sections. The numbers on this chart cor-
respond with the step numbers and can be correlated with later figures showing com-
puter printouts.

5.1,1.2 Manufacturing Processes and Methods

From References 3 through 6 and information gained during the Phase I manufacturing
facility tours, the manufacturing processes were developed and sequence numbers were
assigned for each defined detail component, subassembly, assembly, and finally the
total tank assembly. Material costs were computed based upon dimensions shown in
Figure 2-2, material thicknesses from the above reference, and the assumptions
shown in Table 2-2.

As each manufacturing process was defined and placed into its respective sequence, a
plant number also was assigned. An analysis was made of each of fhe manufacturing
processes to determine its material cost as applicable and its man-hour requirements
for machine setup time, manufacture, assembly, test, and quality control. The re-
sults of these analyses along with the defined and sequenced manufacturing processes
are shown in Figure 5-2,

5.1.1,3 Tooling

Concurrent with the determination of man-hour requirements, and also based upon
References 3 through 6 and the information gained during the Phase I manufacturing
facility tours, tool requirements lists were developed on a component basis. Tool
use times were estimated and the number of tools required for production rates of 2
and 20 per year were determined. The floor space requirements of each tool were
determined from Reference 3 and other sources, such as the actual tool manufacturer,
These floor space requirements were adjusted for walk-around clearance. Tooling
unit costs were supplied by manufacturers or estimated by the General Electric
Company tooling engineers. Tool identification, requirements, application, unit cost,
and floor space requirements are shown in Table 5-1 for the production rates of 2 per

year and 20 per year.
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Figure 5~2, Manufacturing Processes for Propellant Tank Structure (Element 2)
State-of-the- Art Manufacturing Line (Line 1) (Sheet 1 of 3)
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Figure 5~-2. Manufacturing Processes for Propellant Tank Structure (Element 2)

State-of-the-Art Manufacturing Line (Line 1) (Sheet 2 of 3)
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Figure 5-2. Manufacturing Processes for Propellant Tank Structure (Element 2)

State- of-the-Art Manufacturing Line (Line 1) (Sheet 3 of 3)
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5,1,1,4 Manufacturing Plant

In the determination of cost of the facilities to house the two state-of-the-art manu-
facturing lines, one having a production rate of 2 per year and the other 20 per year,
it was assumed that each line would have a manufacturing plant (plant 1) and an as-
sembly plant (plant 2). It was estimated that plant 1 for both lines would require 30-
foot ceilings and plant 2 for both lines would require 100-foot ceilings. These esti-
mates were based upon the size of subassemblies, the tank assembly, tooling require-
ments, and overhead bridge crane clearances.

The floor area for each of the buildings was established based upon providing facilities
for the number of personnel required and summarizing the floor area requirements for

the tooling and adjusting for other elements as shown in Tables 5-2 and 5-3.

In arriving at the total cost of each of the manufacturing plants, land cost based upon
1969 real estate values of land designated commercial, near transportation, in the
vicinity of Daytona Beach, Florida were set at $12, 000 per acre plus $18, 500 per acre
for improvement (access roads, water, etc.). Other cost items, including $18 per
square foot of floor area, were estimated based upon information contained in Refer-
ence 2 and information provided by the General Electric Company facilities section.

The total cost of each of the manufacturing plants is summarized in Table 5-4,

Table 5-2

Propellant Tank Structure (Element 2) and State-of-the-Art (Line 1)
Manufacturing Plant (Low Bay - 30-Foot) Floor Areas

PRODUCTION RATE 2 Per Year 20 Per Year
NO. OF PERSONNEL* 250 750
. Floor Area Floor Area
ITEM Square Feet Square Feet
Machine and Tool Area (from Table 5~1 54,363 184,384
+ 50%) ‘
Center Aisle and Entry Area 18,250 40,250
Storage Areas—Materials 12,200 39, 200
Eating Area 3,750 4,750
Loading Dock Extensions 2,000 5,000
Office Space 1,000 1,300
Dispensary 1,120 1,120
Toilet Facilities 600 800
Fork Lift Parking Area 90 120
Clean Room Facility and Compressor Area 29,362 46,666
Vending Machine Area 45 60
Total 122,780 323,650

*For Facility Sizing Only
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Table 5-3

Propellant Tank Structure (Element 2) and State-of-the-Art (Line 1)
Assembly Plant (High Bay - 100-Foot) Floor Areas

PRODUCTION RATE 2 Per Year 20 Per Year
NO. OF PERSONNE L* 200 600
Floor Area Floor Area
ITEM Square Feet Square Feet
Machine and Tool Area (from Table 5-1 21,300 78,660
+ 50%)
Center Aisle and Entry Area 18,000 45, 000
Storage Area—Materials and Assemble Vehicle 45,660 100, 000
Eating Area 3,100 4,100
Loading Dock Extensgion (2) 5,000 12,500
Office Space 1,000 1,100
Dispensary Area 1,120 1,120
Toilet Facilities 600 800
Fork Lift Parking Area 90 180
Transporter Area 1,900 3,800
Vending Machine Area 50 75
Total 97,820 247,335

*For Facility Sizing Only

In arriving at the total cost of each of the assembly plants, land cost based upon 1969
real estate values of land designated commercial near transportation, including the
intracoastal waterway, in the vicinity of Cape Kennedy (north entrance) were set at
$14, 500 per acre plus $18,500 per acre for improvements (access roads, water, etc.).
Other cost items including $60 per square foot of floor area were estimated based

upon information contained in Reference 2 and information provided by the General
Electric Company facilities section. The total cost of each of the assembly plants is
summarized in Table 5-5.

5.1.1.5 Trangportation

Transportation cost estimates include the costs encountered in moving subassemblies
and components from plant 1 to plant 2. The basic elements of cost are re-usable
shipping containers and the.actual hauling charges. For this estimate it was assumed
that the distance from plant 1 to plant 2 was 100 miles. It was further assumed that
for a production rate of 2 per year, one set of containers would be required while 3

sets of containers would be necessary for a production rate of 20 per year.
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All transportation costs, including the cost of the containers, were estimated based
upon the size and weight of the components to be carried. The container estimates
were prepared by the Apollo Systems shipping department and the hauling charges were
estimated by a local cargo carrier. Containers costs are shown in Table 5-6.

The estimated hauling cost, one way with containers full, and a return trip with the

containers empty, is shown in Table 5-7.

Table 5-6

Shipping Container Cost
Propellant Tank Structure (Element No. 2)

Production Rate
2 Per Year 20 Per Year
Container Identification Number Req/Cost Number Req/Cost
LOX Tank 1/$8,600 3/$25, 800
22" x 22" x 15" - bolted
Sections, shock mounted, .
Cross braced structure, webb
Belt tie downs - wt = 2900 lbs.
Upper Dome 1/$7, 000 3/$21, 000
22'x 22" x 13" - same as
above - wt = 2200 lbs.
Rings (cyl, in pairs) 1/$4, 400 3/$13,200
22'x 22' x 2' - same as
above - wt = 1100 lbs.
Cylinder Sections 1/%4, 100 3/$12, 300
35'x10' X 6' - same as
above - wt = 2050 lbs.
Total Cost (Non-Recurring) 1 set/$24, 100 3 sets/$72, 300
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Table 5-7

Transportation Cost Summary—Leased Mover
Plant No. 1 to Plant No. 2 One Way Distance - 100 Miles
Propellant Tank Structure (Element 2)

, Cost Full Cost Empty  Round Trip
Containers One Way One Way Per Tank
LOX Tank }

Upper Dome $1, 500 $ 600

Rings (Cyl) }

Cylinder Sections 1,300 500

Total Cost (Recurring) $2,800 $1,100 $3, 900

5.1.1,6 Near-Term Pre-Manufacturing Operations

Table 5-8 presents the near-term pre-manufacturing operations non-recurring and re-
curring man-hour requirements. These man-hour requirements are the result of
estimates developed using manufacturing consultants within the General Electric Com-
pany and through visits with aerospace manufacturers. The non-recurring man-hours
are estimated on a total program basis and are subject to a 40-percent recycle factor
during the life of the program for updating the re-evaluation of functions. The recur-
ring man-hours are on a per-vehicle basis. Both the non-recurring (including the

40-percent recycle factor) and recurring man-hours are shown in Table 5-8.

5,1,1,7 Summary

The detail cost elements for production rates of 2 and 20 tanks per year are shown in
Tables 5-9 and 5-10, A summary for each cost calculation is shown on the respective
tables.
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5.1.2 - SUPPORT FRUSTUM STRUCTURE, ELEMENT NO, 1

5.1.2,1 General

The frustum adapter structure, illustrated in Figure 2-2, is representative of the un-
pressurized, mechanically fastened structures that are widely used in the aerospace
industry. The particular model selected for this study is 50. 5 inches in diameter at

the largest part and tapers to an upper ring 45.8 inches in diameter.

At the upper surface of the frustum, an aluminum honeycomb bulkhead is attached to
carry the payload loads to the frustum and thereby to the vehicle's outer skin. The
structure is of a riveted, stiffened skin construction, consisting of:

a. Four conically formed skins.

b. Two rings (upper and lower).
c¢. Sixteen longerons.
d

One aluminum honeycomb bulkhead.

The principal design criterion is the ability to withstand high loads with minimum de-
flection of the bulkhead. Minimum weight is important but secondary to the above
criterion. The current method of fabrication is to form the rings, skins, and long-
erons and assemble by riveting. The upper bulkhead is prefabricated and attached by

rivets in a similar manner.

A typical procedure in current practice is that the aluminum bulkhead and lower rings
are fabricated by subcontractors. In the use of the aluminum honeycomb bulkhead,
the necessary tooling is supplied by the prime contractor (General Electric), in addi-
tion to paying a cost of approximately $10, 000 per bulkhead. A significant part of this
$10, 000 is directly attributable to numerous fastener installations which are inserted

and bonded in place after the initial construction of the honeycomb is complete.
The details of the manufacturing processes are shown in Figure 5-3 for the support
frustum. The processes and tooling indicated in this figure are described in the fol-

lowing sections.

5,1.2,2 Manufacturing Processes, Methods and Tooling

The manufacturing processes and materials used in definition of the state-of-the-art
line (Line 1) are similar to those used on the Mark XII support frustum. In some cases,
the planning was changed to illustrate possible variations in method for study purposes.
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The computer printout of the manufacturing processes, with numbered steps corre-
sponding to the flow chart in Figure 5-3, is shown in Tables 5-11 and 5-12, Although
the honeycomb bulkhead is shown as a procured item, the detailed steps are illustrated

in Figure 5-3 for further clarity of manufacturing steps.

The costs for materials and man-hours for quality control, manufacturing, assembly
and test are tabulated in Tables 5-11 and 5-12. The lot size assumed for the calcula-
tions is that enough parts are made in one batch for one assembly. This necessitates
set-up and completion of all operations for one assembly before continuing with the
next operations for each of the tools. With the exception of the assembly fixtures, the
rates of 2 per year and 20 per year require far less than ful} utilization of tools and
fixtures (Tables 5-11 and 5-12), Production of greater than 20 per year could readily
be accommodated with only limited increase in factory and tooling requirements.
Unlike structural element 2 (the propellant tank) where rates are limited by the large
size and usage of forming tools, the support frustum can be readily accommodated by
a modest aerospace fabrication shop. In fact, economics indicate the advantage of
multiple use of existing tools, in between operations for the 2 per year or 20 per year
of this study. However, the costs of this study were determined assuming that charges
include only those hours for the actual fabrication and do not incur additional costs for

personnel stand-by or retention of certain key skills or experiences.
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Table 5-11

Manufacturing Cost Analysis, 2 Per Year, Line 1, Element 1

MANUFACTURING CBST ANALYSIS

09724770

LINE: STATE~3F-THE-ART MANUFACTURING LINE (LINE 1)
STRUCTURE: SUPPORT FRUSTUM STRUCTURE CELEMENT 1)
PRODUCTION RATE: 2 PER YEAR

VARIATION FROM THEA NBMINALS NONE

T@TAL PREGRAM LENGTH: 5 YEARS

LABAR RATES-(S/HR)t PRE~MFG.~ 15+ 5 @+Ce- 15. 3 MFGe- 15«

UNIT N@. TATAL MAT'L GsCo  MFGe  TOTAL
TAOLING COST UNITS CesT MANUFACTURING PRCESSES €OST LABOR LABBR cest
e s KS) ssaszasxzaszzsassaamass (KS) (M/HR) (MZHR)  (K$)
100 CONTROL MASTER FIXTURES 5 2 10 1000 FRUSTUM ASSEMBLY
102 MASTER DRILL FIXTURES s 2 10 1002 PURCHASE 1 RING 10 0 0 10
104 DRILL FIXTURES s z 10 1004 PURCHASE 1 BULKHEAD 100 0 0 100
108 IMSERT L3CATING FIXTURES 2 2 1006 VERIFY,INSP. PARTS 0 60 o 0.9
108 BULKHEAD ASSEMBLY FIXTURES 3 2 -6 1008 CLECS RINGASKIN IN FIXTsINSP 0 10 220 2.95
110 ASSEMBLY FIXTURE 3 13 1010 POS'N L@NGERONS IN FIXTsCLEC® 0 o . 240 a6
112 CLECTS 0.0005 200 0.1 1012 BPEN HOLES T@ RIVET DIA, INSP 0 0 80 1.2
114 DRILL 0405 1 0.0% 1014 DISASSEMBLE 2 DEBURR o 0 200 3
116 VOPK STAND a1 1 ot 1016 REP@SITION IN FIXT,RIVETs INSP 0.25 40 az20 5.65
117 TIRQUE TOOLS & WRENCH SET 0415 1 0.15 1018 BOLT BULKHEAD T@ FWD RING o 0 20 0.3
190 IVSPECTION STATION 0.5 1 0.5 1020 IDENTIFYs CLEAN, INSP I as 20 0.975
130 SHEAR 18 18
120 BAND SAU 0ed 1 0.4 1030 LONGERON
142 APPLIED TEMPLATE 0,065 1 0,065 1032 VERIFY MATERIAL 0.16 16 o 0.
152 BRAKE i2 1 a2 1034 SHEAR T4 SIZE 0 o 16 0.24
160 MAND DRILL 0.05 1 0.05 1036 SAW NOTCH 0 o 32 0.48
162 TEMFLATE 0.08 1 0.08 1038 BRAKE FORM»JGGGLE, INSPECT o 16 32 0.72
170 METAL TAG STAMP 0.01 1 .01 1040 DRILL RIVET HLES 0 0 32 0.48
10 BIRING MILL 20 1 40 1042 DEBURR. CLEAN, AL@DINE, IDENT»INSP O 16 32 0. 72
182 HILDING FIXTURE 0.3 1 0.3 .
184 CUTTING TaaLS 0.04 1 0-04 1050 RING
190 2ING HALDING FIXTURE 03 1 0.3 1052 VERIFY MATERIAL 0.3 30 0 0475
200 “WICRAMETER 0.05 1 0.05 1054 FACE & FORM GROBVE 0 o 32 0. 48
205 WELGHT GAGE 0.05 1 0.05 1056 FACE»B@RE,CUT @FF, SEMI-FINISH 0 o s 1275
204 INDICATSR 0.05 1  0.05 1058 REVERSE RING, SEMI-FINISH»AGE o 0 60 0.9
206 ROUGHNESS GAGE 0.04 1 0.0a 1060 RE~SETUP,FINISH 1 SIDE, INSP 0 10 23 0.495
210 WEIGH SCALE 0.5 1 0.5 1062 REVERSE & FINISH COMPLETE:INSP 0 20 60 1.2
220 SKIN INSPECTiBN STATIZN 0.3 1 0.3 1064 DEBURRsCLEAN » ALGDINE 0.1 0 36 0.64
230 BEVCH . 0.1 1oget 1066 WEIGH» IDENTIFY, INSPECT o 10 10 0.3
232 LAYSUT TEMPLATE 0.065 1  0.065
24C ROLL FORMER 8 18 1070, SKIN - )
242 CONTIUR TEMPLATE 0.065 1  0.065 1072 VERIFY MATERIAL 0.6 8 o 0.72
250 WORK STAND 0.1 1 ol 1074 TRIM T@ LAYOUT 0 o 20 0.3
252 APPLIED TEMPLATE 0.065 1  0.065 1076 ROLL FORM o 0 24 0.36
254 SKIN HAND DRILL 0.05 1 .05 1078 DRILL HBLES PER TEMPLATE o I 52 0.78
256 PUNCHES 0.02 1 Q.02 1080 TRIM OUTLINE, DEBURR. INSP I 12 8 )
260 TRIM TEMPLATE 0.065 1 04065 1082 CHEM CLEAN & AL@DINE 0.6 0 12 0.78
270 CLEAN & ALODINE TANKS 10 110 1084 TAG PART o 0 8 012
280 DOLLY 0.2 1 g.2 1086 APPLY PROTECT,LBAD 8N DBLY.INSP 0.2 B 8 0544
TOTAL TOGLING COST (KS) 134865 -
112.21° 301 1848  144.355
LAB3R COST (K$) € 4515 ) € 27.63 )
TOTAL CBST
Ks$)
620
SUMMARY JF RESULTS
)
MAT'L QeCe “FG.  PRE-MFG.  TOTAL
o s ) } . cast ‘LABOR LABUR LABOR casT
1Tem AIHRS TITAL COST KS) (M/HR)  CMZHR)  CMZRE) «KE)
SAR aFUTEL RS IGRAM DIRECTIVES 700+ 10.5
<10 4F6G. FRILIMINARY SCHEDULES 220+ - 63 TIALING, - 134.865
<un PROBUCISILETY STURIES 700+ 10.5 FACILITIES 620
%30 IPENTIFY/IRDER L NG LEAD LTEMS 5000 1.5 PR TG 'r
qan AGRI™ LATE/REVIEW ENGR & GC DACIMENT. 1120. 16.8 RS o8 A4
250 DEVFLIP SUN-ASSEMELY & PARTS SCHEDULE 5284 1.92 >
o e A T L e oo o MFG. PROCESSES 12.21 301 1842
270 LESIGI/PFICURE TIALING 1400. 21 TeroesottT -
wer CENDAR FVALUATIZN & SELECTIW 11204 16.8 112.21 301 1842 12988
NON-RECURKING TOTALS 9688 145.32 LABUR IN (K$S) € az15)  t 27.63)
SECURRING CJSTS
90n FXPEDITE IN-HBUSE/PURCHASE PARTS 2750+ ar.2s
910 #FVIF. PRIGRESS WITH PRIGRAM OFFICE 550. 8.25
RECURRING TATALS 2300 9.5
.
TITAL PECURRING AND VON-RECURRING PRE-MFGe COSTS= 194,82
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Table 5-12

Manufacturing Cost Analysis, 20 Per Year, Line 1, Element 1

LINE?

, MANUFACTURING COST ANALYSLS

09725770

STATE=QF ~THE~ART MANUFACTURING LINE C(LINE 1)

STRUCTURE: SUPPURT FRUSTUM STRUCTURE CELEMENT 1)

PROLUCTIBN RATE!

20 PER YEAR

VARIATIBN FROM THE NOMINALS NONE

TETAL FRBGRAM LENGTA: 5 YEARS

LABOR RATES-(S/HR): PRE-MFG.- l'b‘- 3 QeCoe~ 1be 3 MkGa= 15
N

UNIT N3«

TOTAL

FAL'L uels Pl [CER
190LING €OS! UNITS CBST MANUF AC fURING PROCESSES Cdbt  LAban  LAror N
sszz=az (KS) (KS) @zTZzE==z=EERSS ==IRTH (K§) Cie/HR) (M/Ar) (n:)
160 “oNIndL MASTER FIX1URES 5 2 10 1000 FRUSTUM ASSEMBELY
162 MASTER DRILL FIXTURES 5 2 10 1002 PURCHASE 1| RING 15 2 ¢
104 LRILL FIXTURES 5 2 10 1004 PURCHASE | BULKREAL ati ¢ 3
106 INSERL LUCALING FIXTURES 2 2 a4 1006 VERIFY,1NSF. FARiS [ 6Cu 9
108 BULRHEAD ASSEMBLY FIXTuRES 3 2 -6 1008 CLEC® RINGASKIN IN FIXT,INSF U 10c e
110 ASSEMBLY F1XTURE 3 r3 1010 F@S'N LONGERDNS EN FIX1sCLECY o 4 ale
12 CLECYS £.0005 2000 1 1012 @FEN MOLES 1@ RIVET DIA, 1NSF o o TS
114 brlbL 0.05 1 0.05 1014 DISASSEMBLE & DEBURR o 3 zCLc
116 wink S1Anw 0.1 t 0e1 1016 REF@SITION IN FIXI,RIVET, INSH 2en aGe et
Li7 19ROUE 190LS & wRENCH SEI 0.15 1 015 1018 BOLT BULKHEAD 19 Fwd RING o ¢ s 3
140 BAND SAw 0ea 1 0.4 1020 IDENTIFYs CLEANs INSF ¢ 450 pres 9y
142 APFLIED LEMPLAIE 0.065 1  0.065
150 ¥rCH. FRESS 2 1 e 1030 LUNGERYUN
160 HAND DRILL 0.05 1 0.05 1032 VERIFY MATERIAL 106 €0 9 a
162 TEMPLATE 0.08 | 0.08 1034 SAw 1Y LENGIH ¢ [ 16¢ ¢t
170 METAL TAG STAMP 0.0t 1 0.0l 1036 SCRIBE & SAW NOICH v o 3zr fen
180 BURING MILL 40 1 40 1038 JOGGLE, INSPECT v r1ec Lee ben
132 HOLDING FIXTURE 0.3 0.3 1040 DRILL RIVET HOLES 0 3 3zt ouis
164 CuTIING TOWLS 0.04 1 0.04 1042 DEBURK,CLEAN,ALODINE» ILEN s [NSF 7] el S Tez
190 RING Y8LDING FIXTURE 0.3 1 Q.3
200 MICROMEIER 0.05 1  0.05 1050 RING
202 HEIGHI GAGE 0.05 1 0.0% 1052 VEKIFY MATERIAL 3. 30C C 7o
204 INDICAI®R 0.05 1 0.05 1054 FACE & FORM GRODVE 0 0 320 4R
206 RUUGHNESS GAGE 0.04 t 004 1056 FACE,BOREsCUT OFF»SEMI-FINISH 3 ¢ 450 12475
210 WElGH SCALE 0.5 I 0.5 1058 REVERSE RING,SEMI-FINISH»AGE ¢ ¢ 600 9
220 SkIN INSPECTION STATIUN 0.3 I 0.3 1060 RE-SETUP»FINISH 1 SIDEs INSF 0 100 23c 49y
230 BENCH 0.1 1 0-1 1062 REVERSE & FINISH COMFLETRsINSF [¢] 200 606 1z
232 LAYQUT TEMPLATE 0.065 1  0.065 106m DEBURRsCLEAN » ALODINE I 9 360 bea
240 ROLL FORMER 8 18 1066 WEIGH» IDENTIFYs INSPECT o 160 100 3
242 CONTOUR TEMPLATE 0.065 1  0.065
250 WORK S1AND 0.1 1 0.1 1070 SKIN .
252 APPLIED 1EMPLATE 0.065 1  0.065 1072 VERIFY MATERIAL 6 80 0 1.2
£54 SKIN HAND DRILL 0.05 1 0.05 1074 TRIM 7@ LAY@UT 0 0 200 3
256 PUNCHES 0.02 1 0.02 . 1076 ROLL F@RM " 0 240 3.6
260 Ixld 1EMFLATE 0.065 1  D.065 1078 DRILL HOLES PER TEMPLATE o o 520 7.8
270 CLEAN & ALYDINE TANKS 10 110 1080 TRIM QUTLINEsDEBURR, INSP 0 120 680 12
280 DOLLY . 0.2 1 0.2 1082 CHEM CLEAN & AL@DINE 6 0 120 7.8
101AL §9oLING CYST (KS) 107.265 1084 TAG PART 0 [ 80 1.2
1086 APPLY PROTECTsLAD @N DALY.INSP 2. 80 80 )
497.1 3010 16260 816415
LABER C@ST (KS) ¢ 4515 ) € 273+9 )
FACILITIES TOTAL COST
serzzesaxs CK$)
500 CONSGLIDATED MANUFACTURING & ASSEMBLY PLANT 620
NEAR-TERM PRE-MANUFACTURING BPERATIG@NS
BEERIIE SUMMARY @F RESULTS
NBN-RECURRING C@STS
MAT'L 0.Ce MFGe PRE=MF G TaTAL
ITEM H/HRS TATAL C@ST cast LABBK LABAR LABOR COST
(X3$) (153 ¢M/HR) CM/HRY CM/HR) (K$)
800 REVIEW PRBGRAM DIRECTIVES 700. 10+5
810 MFG. PRELIMINARY SCHEDW.ES 420+ 6.3 T@OLING 107.265
820 PRODUCIBILITY STUDIES - 7004 10.5 FACILITIES 620
B30 IDENTIFY/@RDER LONG LEAD 1TEMS 5000 7.8 PRE~MANUFACTURING
BAD ACCUMULATE/REVIEW ENGR & OC DBCUMENT. 1120, 16.8 N@N-RECURRING COST 9688 145, 32
850 DEVELOP SUB-ASSEMELY & PARTS SCHEDILE 528+ 7.92 RECURRING CBST 33000 495
860 MFG. PLANNING @PERATIONS 3200, 48 MFGe PROCESSES 49741 3010 18260 816.15
870 DESIGN/PROCURE T8OLING 1400, 21 meemememe meveacemc messvecae msevecaccus seescmomen
880 VENDOR EVALUATIGN & SELECTI®M 1120. 16.8 N 497, ¢ 3010 18260 42688 218374
’ cecccecana -mamweoeow
NOM-RECURRING TRTALS 9488 145032 LABBR IN (KS) € 45.15 ) € 27349 )
RECURRING COSTS !
900 EXPEDITE IN-HGUSE/PURCHASE PARTS 27500, 412.5
910 REVIEY PROGRESS WITH PROGRAR SFFICE 5500, 8.8
RECURRING T@TALS 33000 495
TGTAL RECURRING AND NGN-RECURRIEG PRE-NFG. CESTSw 6a0+32
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5.1.2,3 Facilities (Buildings)

The buildings and grounds necessary to produce the support frustum structure were
laid out as an independent factory, in order to properly appraise the appropriate costs
for manufacturing. The buildings and layout of facilities are shown in Figures 5-4 and
5-5 and and have resulted in the costs calculated below and summarized in Tables 5-11
and 5-12,

® Building—20, 000 square feet at $25*per square foot $500K

® Parking lot for 150 cars—20, 000 square feet 50K
k

® Land—2 acres at $35, 000 per acre 70K

Landscaping and access
Total $620K

*Values noted in Assumptions, Table 2-2.

In real circumstances, the facilities could not be justified solely by a single project,
such as the support frustum manufacture. Additional work would be required and this
would in turn reduce the apportioned costs to the manufacture of the support frustum.
However, for this analysis, the entire costs are used to form a basis of comparison

between various manufacturing technologies and to analyze impact of program factors.

5.1,2.4 Near-Term Pre-Manufacturing Operations

The pre-manufacturing operations, itemized in Table 5~11 are the same activities as
with Element No. 2. The costs were recomputed for the support frustum structure
manufacture with the results as indicated in Table 5-11. Learning curves, where

applicable, can be applied to the recurring costs.

As with the propellant tank structure, a 40-percent recycle of activities was assumed

to handle changes. This factor applies to the non-recurring costs—though use of the
learning curves would have the effect of reducing this recycle. Based on experiences
with Apollo/Saturn components, this 40-percent recycle factor seems conservative—

in many cases, such as noted in Reference 8, costs may double because of change activ-

ities characteristic to aerospace equipment,

5.1.2,5 Summary

The complete cost tabulation for 2 per year and 20 per year production rate is
shown in Tables 5-11 and 5-12, A summary for each calculation is shown on the

respective tables.
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5,2 ANALYSIS OF STATE-OF-THE-ART MANUFACTURING LINE, LINE 1

Analysis of the state-of-the-art manufacturing lines for structural Elements 1 and 2
has resulted in the identification of problem areas and their solutions as shown in
Table 5-13. Solutions to the identified problem areas are categorized as follows:

® Category I—Solutions immediately available.

& Category II—Solutions that require some technology development.

® Category III—Solutions that require major technology development.

When Category I solutions are incorporated into the state-of-the-art manufacturing

line, it will become the improved line and when Category II and III solutions are in-

corporated into the improved line, it will become the advanced line.

Table 5-13

Representative Problem Areas (Areas for Potential Improvement)
Line 1 Problem Area
(Structural Element 2)

Problem 1

Facilities—The geographic separation of Plant 1 (Detail Fabrication) from Plant 2

(Assembly) is costly.

Solution (Category I)
Consolidate Facilities.

Five Year Program Savings

Ttem 2 Per Year (10 Tanks) 20 Per Year (100 Tanks)

Cost ($) Cost ($)

Transportation

Plant 1 to Plant 2

Containers +$24,100 +$ 72,300

Shipping +$39, 000 +$390, 000
Facilities (Separated)

Plant 1 $2,881,190 $ 6,925,317

Plant 2 6, 502, 850 15, 907,850

Total Cost $8, 384, 040 $22,833,167
Facilities (Consolidated) -6, 971, 500 -16,679,882

A Cost (Saved) +$1,412,540 +$ 6,153,285
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Table 5-~13 (Continued)

Representative Problem Areas (Areas for Potential Improvement)
Line 1 Problem Area
(Structural Element 2)

Five Year Program Savings

2 Per Year (10 Tanks) 20 Per Year (100 Tanks)

Item Cost ($) Cost ($)
Taxes (5 Years Saved)
$1,412, 540 x -1’;—3006 x 5 years $ 211,881
$6,153,285 x —S% x 5 years $ 922,993
1000
Savings—Total 1,687,521 7,538,578
Savings —Total/Tank 168, 752 75,386
Problem 2
Welding—Costly and impacts quality.
Domes 610 feet Labor and Material
Cylinder 250 feet Cost/Foot
Rings Welding $ 7.00
Common Bulk 340 feet é?}?i’ngle pass)—}._og
Cylinder 540 feet $11. 00**
Miscellaneous _ 60 feet

1,800 feet of weld

Solution (Category I)
Convert vertical mill for manually operated spinning of domes.

Spin domes (4)—Eliminate 610 feet of weld per tank, related equipment and inspec~
tions. (Impact on quality and cost to be determined.)

Solution (Category III)

Develop improved welding techniques for welding cylinder segments, Y-rings, cyl-

inder to dome rings, and jamb and dollar covers.

Reduce number of cylinder segments from seven to four by utilizing wider rolling
mill (would require a 220-inch mill). Saves 105 feet of welding. (Impact on quality
and cost to be determined.)

*Assessment (County Area—Volusia County, Florida)
**Not including equipment and set-up labor
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Table 5-13 (Continued)
Representative Problem Areas (Areas for Potential Improvement)
Line 1 Problem Area
(Structural Element 1 and 2)
Solution (Category III)

Eliminate all cylinder segment welds, roll form cylinder section in one single piece
from an aluminum billet and chem mill structural pattern (waffles) or diffusion
bond stiffeners to thin rolled cylinder. (Feasibility and impact on cost require
further study)

Problem 3
Common bulkhead bonding costly and impacts quality. Currently bonding operation

requires an estimated 2,000 man-hours of labor to fit and bond honeycomb in place.

Solution (Category III)
Utilize a diffusion bonding process applicable to compound curved surfaces.

(Impact on cost and quality and feasibility require further study)

Problem 4
Program cost is impacted significantly by changes. Estimates of the overall impact
of changes based upon past experience at the General Electric Company and other

industrial survey interviews, the following breakdown of completed program cost
is indicated.

Cost of Basic Program 35 percent
Cost of Engineering Required Changes 25 percent
Cost of Customer Required Changes 40 percent

100 percent
Solution (Category III)

a. Develop a more precise implementation of phased planning to insure minimum
changes.
b. Implement a more firm change control system.

c. Apply block system effectivity to change incorporation.

Problem 5-~Study Element 1
Aerospace materials are expensive because of exacting specifications and the rigid
quality control that must be applied and verified.

Solution (Category I)

Material, machining and quality assurance costs of machined rings manufactured

from forgings can be reduced by the purchase of forgings from which multiple rings
can be machined.
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Table 5-13 (Continued)

Representative Problem Areas (Areas for Potential Improvement)
Line 1 Problem Area
(Structural Element 1 and 2)

Problem 6~-Study Elements 1 and 2

Incomplete knowledge of manufacturing limitations and shop capabilities by design
engineering causes more costly designs.

Solution (Category II)
Information systems with large memories and visual displays are becoming avail-
able. These systems will make it practical to keep the design engineer up-to-date

on the various standard size and shapes of materials and shop processing and tool-
ing capabilities.

Problem 7—Study Element 1

Reduce the many detail and costly operations in connection with riveting with a
faster and simpler joining technique.

Solution (Category III)
Roll and spot-welding could be used to a greater extent in aerospace structures if

process reliability could be improved. These processing improvements are within
the range of reasonable expectations within the next decade.

Problem 8—Study Element 1

The many detail parts add to cost since they all require varying amounts of sup-
port time.

Solution (Category III)

Numerically-controlled machinery centers with simplified programming will make
it possible to machine aerospace structures from single forgings.

Additional areas of improvements can be identified in almost every area where signif-
icant costs are currently incurred. These areas are touched on briefly in Section 6
of this report and are tabulated in matrices that show impact of variations of these
factors on costs.
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5.3 DESCRIPTION, IMPROVED MANUFACTURING LINE, LINE 2
5.3.1 PROPELLANT TANK STRUCTURE (ELEMENT 2)

5.3.1,1 General

The improved manufacturing line, Line 2, incorporates the solution to problem 1,
the consolidation of facilities, and the Category I solution to problem 2, the elimina-

tion of 610 feet of welding per tank by spinning all domes (Table 5-13, paragraph 5.2).

5.3.1.2 Manufacturing Processes and Methods

The manufacturing processes of Line 1 concerned with the dome segment forming,
trimming, and welding into complete domes have been replaced with a series of spin-
ning operations. The new manufacturing processes as well as new material costs are
shown in Table 5-14, The change in material cost is primarily the result of shear
spinning the domes from a single plate rather than forming from nine separate seg-

ments where a large percentage of the material is scrapped.

Ags with Line 1, as each new manufacturing process was defined and placed into its
respective sequence, an analysis was made of each of the manufacturing processes to
determine its material cost as applicable and its man-hour requirements for manu-
facturing and quality control. The results of these analyses, along with defined and

sequenced manufacturing processes, are also shown in Table 5-14,

5-38



Table 5-14

Manufacturing Processes for Propellant Tank Structure (Element 2)

Improved Manufacturing Line (Line 2)

MANUFACTURING PREBCESSES

T TR RCTISIRIBS= ===

1000 TANK ASSEMBLY

1001 INSPECT FORWARD DOME

1002 INSPECT L@OX TANK

1003 MGVE DOME&LX TK T@ ASM TWR
1004 WELD CYL T LX TKCINT)I&INSP
1005 WELD CYL T@ LX TK(EXT)&INSP
1006 WELD CYL TG FWD DOMECINT)
1007 WELD CYL T@ FWD D@MECEXT)
1008 HYDROSTATIC TEST

‘1009 DEGREASE -

1010 WEIGHT & ST@RE

1020 LOBX TANK ASSEMBLY ™

1021 MATE C BLK/A~-D@M:SEAL & INSP
1022 X-RAY ALL WELDS,WEIGH

1023 MOVE T@ ASSEMBLY AREA

1030 AFT DOME ASSEMBLY

1031 VERIFY MATERIAL F@R AFT DOME
1032 SCRIBE & SAW BLKS T@ REQ'D SHAPE
1033 SHEAR SPIN FBRM AND INSPECT
1034 CLEAN,ANNEAL» QUENCH»> & INSPECT
1035 SPIN FORM T@ SHAPE AND INSPECT
1036 CLEANs ANNEAL> QUENCH» & INSP.
1037 FINAL FORM SPIN & INSPECT

1038 CUT&TRM $-0P'NG, DEBURR & INSP
1039 CLEANs H-TREAT»AGE»> INSP»& STORE
1040 MASK,CHEM-MILL,DEBURR & INSP.
1041 CLEANsAN@DIZEs & INSPECT )
1042 WEIGH AND STORE

1043 WELD JAMB & INSPECT )

1044 WELD STUDS»FITTINGSs & INSPECT
1045 GRIND ALL WELDS,&DIE-PEN INSP.
1046 PERF@RM LEAK CHECK '
1047 X-RAY ALL WELDS & WEIGH

1048 TRANSPORT T@ LOX TANK ASSY AREA

1050 COMMEN BULKHEAD ASSEM

1051 ETCH CLEAN AFT DOME

1052 ETCH CLEAN FWD D@ME

1053 FIT&BND HNYCMB & INSPECT

1054 BUT WLD Y RNGS LK CHK&INSP

1055 MACHINE RING BUT WELDS

1056 XRAY WLDsULT/ZINSP DOME.uWGH & STR

1060 COMMON BLKHD FWD DOME

1061 VERIFY COM BULKHEAD FWD DSME .

1062 SCRIBE & SAW BLK TO REQ°D SHAPE
1063 SHEAR SPIN F@RM & INSPECT

1064 CLEAN, ANNEAL, QUENCH & INSPECT
1065 SPIN FORM TO SHAPE & INSPECT
1066 CLEAN, ANNEAL. QUENCH & INSPECT
1067 FINAL FORM SPIN & INSPECT

1068 CUT&TRM $-0P°NG TO SIZ.,DEBR&INSP
1069 CLEAN,H-TREAT»AGE INSP & STURE

COO0OOO0OO0OO0O~NOOOODODOOON

(K3

0. 62
062
G. 62
0+ 62

1.98

[ N ]
)

®
&

.o
[+ ]

) e, 0
-
n "

@
(AN

0:2

02

3.8
0. 64

4524

. ®
Q

COO0OO0O0OOCOO

MAT'L  Q.Ce
COST LABOR LABGR
CM/HR) (M/HR)

20
40
0
112
52
112
102
200
50
20

156
20

15
i5
400
22
20
30

MFGe

10

- 10

20
172
s2
142
102
400
100
125

160
40
10

200

30
30
1600
42

10

T@TAL

CasT
(K$

0045
0:75
03

" 4.88

2.18

40 43
3&685
9 ‘
225

2:175

6+ 72
118
0{225

206

072
099
0.84
135
0+84
135

-0¢51

126
9.15
Veb75
021

‘0;745

0.85
3.9
0.7
1. 785
0.225

0875
0875
33.8
1.6
15
484

0.8

072
099
0:84
1«35
0:84
135
0+51
1:26
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Table 5-14 (Continued)

Manufacturing Processes for Propellant Tank Structure (Element 2)
Improved Manufacturing Line (Line 2)

1070 MASK: CHEM~-MILL.»DEBURR & INSPECT 3.8 90 o 5415
1071 CLEAN, ANGDIZEs & INSPECT 0 27 36 0-945
1072 WELD DOME T@ RING & INSPECT 0.64 .26 34 154
1073 WELD CNTR $~CAP T@ D@MEs INSP 0.28 13 20 0775
1074 GRIND ALL WELDS & DIE=PEN INSP 0 60 200 3.9
1075 X~-RAY ALL WELDS 0.23 0 0 0.23
1076 PERFORM LEAK CHK-WEIGH & STORE 0.1 15 40 0.925

1080 RING-FWD D@GME-C@GMMON BULK '
«35 0 0 0-35

1081 VRY MAT FOR 1FWD DBM Y RNG 0

1082 FORM & INSPECT (4] 14 26 0«6
1083 TRM»CLN>AGE & INSPECT o 4 14 0.27
1084 ANGDIZE,WEIGH & STIRE 0 4 8 0.18
1085 WLD SEGs STRAIGTEN RNG&INSP 0 40 80 1.8
1086 MILL RNG FACEs. INSP&ST@RE 0 25 50 1125

1090 COMMON BULKHEAD AFT DOME

1091 VERIFY COMMGON BULK AFT DOME MATL
1092 SCRIBE&SAW BLK T@ REG’D SHAPE
1093 SHEAR SPIN FORM & INSPECT 20 46 0.99
1094 CLEAN>ANODIZE. QUENCH» & INSPECT 24 32 0+84

¢ 0 0 0
0
0
0
1095 SPIN F@GRM T@® SHAPE & INSPECT 0 30 60 1235
o
0
0
0
3

16 32 0.72

1096 CLEAN>ANNEAL»QUENCHs & INSPECT 24 32 0«84
1097 FINAL F@RM SPIN & INSPECT 30 60 135
1098 CUT&TRM $=BF°'NG »DEBURR& INSP - 8 26 00 51

1099 CLEANs,H=TREAT> AGEs INSP & STORE 30 54 1.26
1100 MASKs CHEM=-MILL> DEBURR& INSP 2 90 0 4+ 55
1110 CLEAN,ANODIZE»& INSPECT 0 27 36 0.945
1111 WELD DOME T@ RING & INSPECT 064 26 34 154
1112 WELD CNTR $~-CAP T DOMEs INSP 0.28 13 20 0. 775
1113 GRIND ALL WELDS,DIE-PEN INSP 0 60 200 3+9
1114 X=-RAY ALL WELDS 0. 46 0 0 0+ 46
1115 PERFORM LEAK CHK>WEIGH & STORE 0.1 15 40 0.925
2010 RING-AFT DOME COMMON BULK

2011 VRFY MAT F@R 1AFT DIME Y RNG 0.35 0 0 0035
2012 FORM & INSPECT 0 14 26 0.6
2013 TRIMLCLEANsAGE & INSPECT 0 4 14 0+27
2014 ANODIZES,WEIGH & STORE 0 4 8 0+18
2015 WLD SEG,STRAIGHTEN RNG&INSP 0. 40 80 1.8
2016 MILL RNG FACE» INSPECT& STYRE 0 25 50 1«125
2020 TANK CYLINDER

2021 VRFY MAT'’L FOR 7 TANK SEG'S 31 0 0 31
2022 MILL EDGES ) 605 28 56 T+ 76
2023 MILL WAFFLE 3265 28 56 - 33-76
2024 ULTRASONIC INSPECT 13.85 O 0 1385
2025 MAVE 7 SEGS T@ ASSY AREA 0 7 14 0. 315
2027 DRILL SPREADER BAR HOLES 0 14 28 063
2029 HEAT TREAT (ANNEAL)D 0 0 14 0.21
2030 FORM 7 SKINSsCLN»AGEs INSP 0 98 203 4515
2031 ANDZ> TRM» WGH» INSTL SPR BARS 0 31 T 45 . 1s14
2041 WELD 7 SEGMENTS & INSP 2.2 106 212 697
2043 TRIM CYL & WELD RINGS 127 34 66 . 277
2044 XRAY ALL WLDS>WEIGH &STGRE 2.6 20 80 4e 1
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2050
2051
2052
2053
2054
2055
2056
2057

2060
2061
2062
2063

2064.

2065
2066
2067
2068
2069
2070
2071
2072
2073
2074
2075
2076
2077
2078

Table 5-14 (Continued)

Manufacturing Processes for Propellant Tank Structure (Element 2)
Improved Manufacturing Line (Line 2)

RING TANK CYL

VRFY MAT FBR 2 RNGS(CYL)?
FORM 8 SEG & INSPECT
TRIMs AGE» INSPECT

AN@GDIZE WEIGH & STORE

WLD SEGs STRTN 2 RNGS&INSP
MILL RNG FACE, INSP»WEIGH -
MOVE 2 RINGS TG ASSEM. AREA

FBREWARD D@ME

VERIFY MAT°’L F@R FWD DGME
SCRIBE&SAW BLK TG RE@°D SHAPE
SHEAR SPIN FORM & INSPECT
CLEAN, ANNEAL » QUENCH» & INSPECT
SPIN FORM TO SHAPE & INSPECT
CLEAN, ANNEAL » QUENCH» & INSPECT
FINAL FORM SPIN & INSPECT
CUT&TRM $-0P'NG» DEBUR&INSP.
CLEAN,H-TREAT» AGEs INSP & STORE
MASK, CHEM~-MILL» DEBURR» & INSP.
CLEAN, ANGDIZE» & INSP. ’
WEIGH & STORE

WELD JAMB & INSPECT

WELD STUDS»FITTINGS» & INSP.
GRIND ALL WELDS,DIE~-PEN INSP.
PERFORM LEAK CHECK '
X=RAY ALL WELDS & WEIGH
LOAD,MOVE DIME TO ASSY AREA

LABOR COST (K$)

07

Q00QCO0O0

®
(2}

N

.2, 0

QOO0 OONO0OOQROLOOOOw
. ® .
(AR x

136

0 0 0.7
28 52 152
g8 ~ =28 0-54
8 16 0<36
80 160 3:6
45 90 25025
5 10 0-225
0 -0 , 13
16 a2 0. 72
20 46 099
24 32 084
30 60 1435
24 32 084
30 60 1435
8 26 0-51
3o 54 1:26
90 0 9415
18 27 04675
5 9 021
8 13 18 0+ 745
2 19 23 0485
60 200 3¢9
10 30 0¢7
95 - 4 1785
6 12 0s27
<97 3926 = 7293 305255
¢ 58.89 ) € 109,395 )"
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5.3.1.3 Tooling

The Line 1 tooling list, Table 5-1, was modified to delete the dome segment stretch
forming equipment and incorporate dome shear spinning equipment. The tooling re-
quirements for the low production rate spinning utilized a modified vertical boring

mill for spinning and the higher production rate tooling requirements incorporate a new
spinning mill. The cost of this spinning equipment was supplied by the Air Force

Materials Laboratory.

The modified tooling list incorporates the above change for Line 2 for both the 2 per

year and 20 per year production rates and is shown in Table 5-15,

5.3.1.4 Facilities (Buildings)

The manufacturing and assembly plants for the improved manufacturing line for each
of the two production rates have been combined such that each line is in its own build-
ing. In determining the cost of the facilities to house the improved manufacturing
lines, one having a 2 per year production rate and the other 20 per year, it was as-
sumed that the manufacturing area would have 30-foot ceilings and the assembly area

would have 100-foot ceilings, the same as for Line 1.

The floor areas for each of the buildings were established based upon providing facilities
for the number of personnel required and combining the floor area requirements for

each Line 1 and adjusting for other elements shown in Table 5-16.

In arriving at the total cost of each of the consolidated plants, as for the Line 1 manu-
facturing plant, land cost and improvements for land designated commercial in the
vicinity of Daytona Beach, Florida were set at $12,000 per acre plus $18, 500 per acre
for improvement. Other cost items, including $18 per square foot of low-bay (30-foot
ceiling) area and $60 per square foot of high-bay (100-foot ceiling) area, were esti-
mated based upon information contained in Reference 2 and information provided by
the General Electric Company facility section. The total cost of each plant is sum-~

marized in Table 5-17,

5-43



parIoajuoy AI[BOTISWNN—DON

2|1 X| X! X | X| o081 U Ava-x| $91
AN | X| X| X| Xjo0°L I9pIoM IBTlod/Sury quiep | €971
2|1 X| X| X] X|o-s TowwiLy, SutuedQ xeroq/3ury quier | 91
2|1 X X|o0°g sdure(p qurep | 191
3|1 X| X| X| xX|o0¢g puels Iopom Sury quee | 091
T 1 X| X X| X| X| X| X| X} o001 (,0¥X%,85%,93) yue] Sutues]) yo1g | 29T
T 1 X| X 0°08 (,21%,62%,92) Jue], Suiued[) yolg | 1ST
T| 1 X| X 0°631 1007, 3uiyeioy swoq | 0S1
1|1 X| X X| X| X! X|X X | 0°00T (,09%,92%,6g) yuel youond | 11
3|1 X| X X| X| X} X| X | X]|o°os¢g (,0%%,62%,63) U2AQ 1891, 189H | OFT
1| - X X| X| X| x| x| x1|o0°09ze DN—IedUg Jomod— I[N Suruuidg
I |1 X 0°21 ¢ "ON eanixig oyey | 331
T |1 X 0°21 g 'ON 9ImXLf owery | 131
T X 0°21 T "ON 9anjxX1jg aurery | 0271
-1 X| X|xX| x|o°s1 Ioyn) uwonels | $I1
-1 T X| X|xX| xX|o-'se TN Surxog o3 | POJIUElN 89H | €TT
-1 X| X|X| Xiosg paamba suol)Ippe PoIJIPOIN oyeis | ZI1
-1 X| X|X| X|o0°cz saofoy | 111
-1 X XIX| X! X|{X| xX|0°08¢e TN 3uttog [8ona9A | 011
S X| x|xX| xlo°1 WAy 8qLIog | 70T
I X| xX|X| x|ozg wIoFIeld JIoM | T0T
el X| x|x| xX|os meg xomod | 00T

Ll N

Ol o | X - - -n

BN AP A E A A IR

09| 3§ Tlezle| 2|~ |2 |- |o|~| o|—|0O X/

93| 5 | = |ER <] © < 150D IWYN "ON

@ = SN | Iwoa 1iND

> % YIANITAD W

@', [Taouw | OINVL avaH1ng Nowwod | IWOd

T001 ¥3d« NOILVYD1ddV NOILYDI4IIN3al 1001

g4 INN

1SOD LINN/NOILYDITddY/SLNIWININDIY 1001

(z ywowary) IYNLONYLS ANVL INVTTIdOYd

G1-G 91qeL

5-44



T| 1 X| X 0°81 ) Lex-xX| 292
T 1 X! X 0°8T peoH Sulpfem | 1S3
1|1 X| X 0°21 eImx1J prom Sury o) swod| 092
9| 2 X X| xX|0% samx1g jrodsuedr| 0¥%3
Vot X X| X| X| x|o°st yun AeI-x| 1€%
v X X| X| x| x|oet oamx1g SwIpioH AeI-X| 0€Z
1 X X| x| x| x]oo1 81y 180, 9anssoag sepH BUOWWY | 023

9| ¢ X| X X| x| x| x| x| x|{o01 © (e1qeir0d) I9PULID PPPM| 013
g | 1 X| x]o°or1 PEoH 19p[oM PMS| S03
g |1 X| xX|0°L IouonyIsod dn-3o1d | %03
1)1 X 8" ¢ °oN xeq Jopeoadg 1SI0H | £0Z
{1 X X X 8”° Z °*ON Jeq Jopeoadg 1stog! 20Z
|1 X| X| X} X|s8° 1 *ON Xeg xopeoadg 1SIOH!| 102
1|1 X| x X! X| x| X|xX]| x|o02 I °ON T[®D PeOT| 003
v| 2 X| X X| X| X| X{xX| x|o°s (,09%,828%,53) 9Z1pouy | 061
2|1 X| X| x| xX|osL (,21%,82%,62) 1IN WoYD| 08T
8| ¥ X 0°1T ¥ "ON [IOUS)S IND JUENSEI | GLT
I 4 X 0'1 € "ON [10UeIg InD JUESBIN | HLT
8| ¥ X 0°'1 g °ON TIOu9)§ D JueyseN | €LT
I 4 X|o1 1 "ON [I0USIS IND JUBNSEI| ZLT
T]| T X]| X X Xl10¥ Leadg yeyse 2uaxdooN | TLI
1|1 X| x| x| x|o0°03 yroog Aexdg | 0LT

B8 % dnlzlalzlalz]s 2i>|2

03| R|82|8 |z 2|8 |3|8|3|5|3|5|

93| 2| = EX <] © < 150D INVN "ON

= 2 | waniad ONI | IWOQ LINA

@, | aoud | INVL avaHdIng Nowwod | IWod

1001 ¥3d« NOILYDIddY NOILYDI4ILNIgl T00L

z# AN

1SOD 1INN/NOILYDITddV/SLNIWTIINDIY T00L

(z Wweworx) JYNLONYLS INVL LINVI1IdOYd
(ponunyuo)) G¢I-g dIqelL

5-45



I | X 0°2 e maa| zze
gl T X 0'T maa| 1ze
g1 X 0°6¢ aamX1d PIOM MUBL XO'T| 08¢
|1 X 0°2 112D peoT| 118
¢ I X 0°'T (1s10) sxeqg xepeeadg| 0o1g
T 1 X 0°T 100y, Surynp Sury| 108
T| 1 X 0°2t oamXq oYje] prang UowWwo) | 00§
Z2| 1 X 0°81 peol Sulppm| 162
2| T X 0°8 8ImXLd Prem ynd Suly peowdng WOUTWO) | 063
jopeay

01 X| X 0°62 ooy pue 99149 Juranses| WO | §8Z
|1 X 0°2 dwng umnosA | $82
7|1 X 0°2 Y1010 xepastd | £8%
¥l o1 X 0°8 Seg wmnoep | 287
viI X 0°08 owoQ 9anssaid /18oH | 182
vl 1 X 0°0% Lxyuen Suipuod | 082
1|1 X X| X 0°0T peoH Sulpom | $L2
1|1 X 0°1 Z 198 9amxLq pom Sury | €L3
T 1 X| X 0'1 1 198 2IMX1d PIom 3wyg| 213
1|1 X X| X 0°02 oamx1g prom Surd | 1.3
1|1 X X| X G* I9)M) uoIsnXy Sl | 0L%
T T X 0°'g g ‘oN o1qQ Buty | £92
|1 X 0°3 g 'ON °1q 3wy | 293
11 X 0°g T "ON o1 Bury | 192
1|1 X X | X 0°0g SS9Id UY9OIIS | 093

A 3 Y N

PES Xz 2ol 2l] 222

0| 5 Tlazl @ Zlplolalgld ol —| O N/

mw >| = |ZR <] 0 < 1502 IWVYN "ON

HE = S5SNI | 3woa LiNn

o % YIANITAD
@ [ aoud | OINVL avaHdINg Nowwod | IWod
1001 ¥3d~ NOILVYDITddY NOILYDI41IN3dl 7001
z# AN

1SOD 1INN/NOILYDITddV/SINIWIIINDIY TO0L

(z yuowaTi) JYNLDONALS ANVL LNV113d0O¥d

(PoNULIU0D) GT-G SIQEL

5-46



9! 1 | X 0°0¢ suei) pue ojox SulsioH| $EH
9| 1| X 0°8T 1un £B1-X| ¢ep
9|1 | X 0°8T pEoH I9pIOM | Z8F
9| 1| X 0°31 19¥URld 189H| ISH
9| 1| X 0°002 TomoJ, Aquessy MUEL| 0¥
Z| 1 X 0°2 11°D peoT| 1%
¥ 2 X g1 Jeg Jepeaxdg 1s10H | 0ZF
T] 1 X 0°8T jup £ea-x| OT%
z| 1 X 0°8T peoy Ioplom | 28¢
Z| T X 0°S oImX1d pom | 18€
AN X 0°GL A110Q prom Surg/wiiay, pud| 08¢
Zl T X 0°8T PeSH XopIem | Zig
2|1 X 0°S% INIXTd PIOM Teuipmi8uoT | 1.8
88| ¥1 X g sxeq xopesxadg| oLe
g |1 X 0°S Io1n) Jomod | 19€
zl X 0°sg aInX1g WLy, juomtdag | 09€
T| T X 0°0ST 0F—oxead | 0S¢
7| 2 X 0°T 1LXg 1emod | 1€
v | 2 X g orerdwoy, TIIQ | 0%¢
)1 X 0°00S (,0% X ,0T) TIIN US| ogs
gl X 0°8T Ioprom | €3¢

5 M Ll wlS | <lols|T]| T 2| T M

o3| & 2R <|0 < 150D INVN "ON

=2 2 ONN | Iwoa 1INN

o % YIANIIAD IWOd
@© .| aouw | INVL avaHXTNg NOWWOD
TOO! ¥3d=« NOILYDI1ddY NOILYDidiiN3al 1001
g4 ANIT

1SOD LINN/NOILYDIT1ddV/SLNIWIFINDIY 1001

(z yuowaTd) IYNLONYLS MNVL INVII1IdO¥d

(ponurjuo)) ¢i-g o1qe],

5-47



9| 1 X 0°2 118D peoT| ZS¥
91| 1 X 0°0t1 9OX ISI0H | IS%
911 |X 0°0% A110Q uEL| 0S¥
9]/ 1T | X 0°08 Josesxdaq | T¥¥
9| 1| X 0°00T juswdinby 1891, 01783S0IPAH | 0%%

Lrl o |~

Ol S S > o O > > |3 > RIS -

. N =

0|2 1828228253333

ww > | = |ZR <] 0O < 150D IWVYN "ON

TE = ONIY | awoa 1INN

m % ¥IANITIAD

@ I aoud | OINVL avaHdIng Nowwod | IWOd

TO0L ¥3d« NOILYDI1ddY NOILYDIILNIA] 1001

ELD

150D 1INN/NOILYDIT1ddY/SLNIWTNINDIY T00L

(2 yuowary) IYNLONYLS MINVL INVII1IdOYd

(panunyuo)) GI-g SIqeL

5-48



Table 5-16
Manufacturing and Assembly Plant Floor Areas

PRODUCTION RATE > 2 Per Year 20 Per Year
NO., OF PERSONNEL* = 450 1,350
Floor Area Floor Area
ITEM Square Feet Square Feet
Machine and Tool Area 75,660 207,488
Aisle Ways and Entry Area 34,250 105,250
Storage Area Materials 57, 000 125,000
Eating Area 5,000 7,500
Loading Dock Extension 7,000 14,500
Office Space 1,500 1,800
Dispensary 1,120 1,120
Toilet Facilities 1,000 1,000
Fork Lift Park Area 150 210
Transporter Storage Area 1, 900 3,800
Clean Room and Compressor Area 29, 360 46,666
Vending Machine Area 60 20
Total 214,000 514,424
30-Foot Ceiling (Est) Area 164, 000 374,424
100-Foot Ceiling (Est) Area 50, 000 140,000

*For Sizing Only

5.3.1.5 Transportation

With the consolidation of the manufacturing and assembly plants in accordance with
the solutions to problem 1, Table 5-13, shipping containers and transportation cost
between plants is eliminated.

5.3.1.6 Near-Term Pre-Manufacturing Operations

It is assumed that this cost, both recurring and non-recurring, will be the same as for
Line 1. Refer to Table 5-8, paragraph 5.1,1.6,

5.3.1.7 Improved Manufacturing Line Summary

The cost elements for production rates of 2 and 20 tanks per year discussed in para-
graph 5,3.1 are summarized utilizing MANCAN program, and are shown in Tables
5-18 and 5-19.
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5.3,2 SUPPORT FRUSTUM STRUCTURE (ELEMENT 1)

5.3.2.1 General

Since manufacturing lines actually in place in any one facility are behind the current
state of the art, Line 2 represents a hypothetical condition. Therefore, Line 2 for
Element 1 represents the implementation of equipment and processes that can yield a
delta improvement over Line 1 conditions. A perspective of these changes can be ob-

tained by referring to Table 5-28,

5.3.2.2 Manufacturing Processes and Tooling

The derivation of Line 2 can be best described in the context of the principal structural

elements, skin, longeron, etc., and the assembly joining method.

Skin—At the low production rate of two assemblies per year it is doubtful
that any change from Line 1 is warranted. The Line for 20 per year, how-
ever, anticipates the application of the stretch-form technique now coming
into wider use. While requiring specialized equipment and tooling, it is
considered that the total of tangible and intangible factors involved would

justify this approach.

Longeron-—Here also, the production rate of 2 per year would dictate the
most straightforward approach to satisfy critical design requiremehts. This
involves the use of three tools/processes: (1) brake-forming, (2) sawingout
the lightening notch on a band-saw, and (3) joggling in a press or special-
purpose equipment. All of these are conventional operations and do not re-
quire special tooling. For the production rate of 20 per year, however, it
is expected that design would accommodate to a standard extruded angle or
a unique extrusion die and could be justified on the basis of the footage in-
volved. Also, the quantities involved would justify the use of a combination

die for joggle, notch, and shear.

Ring—The efficiencies of manufacturing multiple rings from a single forg-
ing should be so well established for Line 2 that this approach is incorpo~

rated even in the low production rate.

Bulkhead—A significant improvement in adhesive systems or methods of
assembly cannot be predicted in order to warrant a change in method from

Line 1. Any change here is reserved for Line 3 implementation,
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Assembly—The use of roll and spot welding is implemented on Line 2, since
it is felt that the important process variables of surface condition and weld-

ing cycles can be controlled sufficiently to produce a reliable weld.

5.3,.2.3 Cost Considerations

Because of the modest quantities involved, the cost differences from Line 1 are ex-

pected to be small. It should be pointed out, however, that side effects of these changes

may be more significant than the direct effects. By this, we mean shorter schedules
should be achieved, which in turn mean faster response to program changes, and

higher reliability of the process itself.

5.3.2.4 Summary

The tool lists, manufacturing process planning, and cost summaries for both 2 per

year and 20 per year lines appear in Tables 5-20 and 5-21,

5.4 DESCRIPTION, ADVANCED MANUFAGTURING LINE, LINE 3

5.4.1 PROPELLANT TANK STRUCTURE (ELEMENT 2)

5.4,1.1 General

The Advanced Manufacturing Line, Line 3, incorporates, in addition to the change in
Line 2, improved welding techniques for welding cylinder segments, Y rings, cylin-
der-to-dome rings, jamb rings, and dollar covers. In addition, Line 3, with a prod-
uction rate of 20 per year, incorporates a cylinder section comprised of four rather
than seven segments. Line 3, with a production rate of 2 per year, uses the same

cylinder configuration as Lines 1 and 2.

5.4,1.2 Manufacturing Processes and Methods

The manufacturing processes of Line 3, both production rates, reflect improved
welding techniques estimated to reduce welding time, quality control time for weld
checking, and weld X-ray time by 50 percent., In addition, Line 3, with a production
rate of 20 per year, reflects the deletion of 105 feet of weld per cylindrical section by
changing the cylinder from seven to four segments. The defined and sequenced manu-

facturing processes along with estimated material cost and manpower requirements
per tank are shown in Table 5-22 for a production rate of 2 per year.

5-56



Table 5-20

Manufacturing Cost Analysis, 2 Per Year, Line 2, Element 1

LINEs

STRUCTURE:
PRODUCTIEN RA‘TEI .2 PER YEAR
VARIATEON FROM THE NOMINAL:

TOTAL PROGRAM LENGTHI 5 YEARS

LABSR RATES~($/HR): PRE-MFG.~

MAMUFACTURING COST ANALYSIS

09728770

IMPROVED MANUFACTURING LINE CLINE 2)
SUPP@RT FRUSTUM STRUCTURE CELEMENT 1)

NENE

$5¢ 3 @eCe= 15+ 3 MFGe= 15¢

UNIT N8. TSTAL MAT'L @+Cs  MFGe TITAL
TOILING COST UNITS COST MANUFACTURING PROCESSES COST LABIR LABOR coasT
YRITTSI (KB {KS) 2NN ERARITTIIEITRRARRIT (KS$) (M/HRY (M/HK) (KS$)
100 CONTROL MASTER FIXTURE s 2 10 1006 FRUSTUM ASSEMBLY
102 MASTER DRILL FIXTURE s 2 10 1001 PURCHASE 1 RING . 10 [} [ 10
104 DRILL FIXTURES 5 e 10 1002 PURCHASE 1 BULKHEAD 100 o [} 100
106 INSERT LACATING FIXTURES 2 2 a4 1003 VERIFY,INSP.CLEAN,BAG PARTS 0.2 40 60 107
108 BULKHEAD ASSEMBLY FIXTURES 3 2 6 1004 MAKE ROLL~SPBT SPECsINSPECT 0.5 30 20 1.25
110 CHEM CLEANING TANKS 15 1 1S 1005 L@AD INTERF. RING&SKIN IN FIXT [} 0 20 0.3
120 SPAT WELDER 45 [ 1006 ROLL-SPOT ASSEMBLE & INSP [} 10 20 0.45
122 ROLL~-SPOT ELECTRADE * 0s075 1 0.075 1007 LOAD FWD RING» ROLL-SPOT 0 0 40 0.6
130 TESTING MACHINE 24 [RE-7) 1008 MAXE SPAT-WELD TESTS,INSP 0.1 30 10 0.7
132 TEST FIXTURE 0,075 1 0.07S 1009 SPOT WELD LONG.SPLADBLRSs INSP 0 40 60 1.5
140 WELD ASSEMBLY FIXTURE 13 1010 BALT ASSEMBLE BULKHEAD 0 ) 20 0.3
150 SP@T WELD TEST FIXTURE B 00075 1 0075 1011 CLEAN, IDENTIFYs INSPECT [} 20 20 0.6
152 SPOT WELD ELECTRODE B 0:075 1 0s075
156 TORQUE T@OLS AND WRENCH SET 0u15 1 0415 1020 L@NGER@N
160 INSPECTION STATION 0s5 1 045 1021 VERIFY MATERIAL 0.16 16 0 0ed
172 MECHANICAL PRESS 10 110 1022 SHEAR T@ SIZE 0 0 16 0.24
190 SHEAR 18 118 1083 SAW NBTCH 0 0 32 0.48
200 BAND SAW ' 0.4 1 0. 1084 BRAKE FORM 8 JBGGELE,INS! 0 16 32 0.72
202 APPLIED TEMPLATE 0:065 1 0.065 1025 DRILL PER TEMPLATE . o ] 32 0.48
210 BRAKE 12 112 1026 DEBURR»CLEAN» ALGDs IDENTs INSP [} 16 32 0.72
212 JBGGLE DIES 0:05- 1 0.05
220 HAND DRILL 0605 1 0405 1030 RING
222 TEMPLATE 0,08 1 0/08 1031 VERIFY MATERIAL 0.3 30 0 0.75
230 METAL TAG STAMP 0:01 1 0.01 1032 FACE & FORM GRGAVE 0 0 az 0448
240 RING HOLDING FIXTURE 03 1 0.3 1033 FACE BORE» SEMI-FIN,CUT @FF 0 o 85 1.275
243 BORING MILL 40 1 40 1034 REVERSE RING» SEMI~FINISH»AGE 0 [ 60 0.9
244 CUTTING TOOLS Q.05 1 0.05 1035 RE-SETUP>FINISH 1 SI1DE»INSP o 10 23 04495
250 RING FINISH HOLDING FIXTURE "0e3 1 0.3 103% REVERSE & FIN. C@MPLETEsINSP [ 20 60 1.2
260 MICREMETER . 0:05 1 0405 1037 DEBURRsCLEAN, & ALBDINE 0.1 0 36 0.64
261 HEIGHT GAGE 0,05 1. 0405 1038 WEIGH» IDENTIFY» INSP 0 10 10 0.3
262 INDICATOR 0s05 1 005 .
270 ROUGHNESS GAGE 0:04 1 0.04 1040 SKIN
280 WEIGH SCALE 0+5 1 0ss 1041 VERIFY MATERIAL 0.6 8 [ 0.72
290 SKIN INSPECTION STATION 0-3 1 0.3 1042 TRIM TO LAYOUT [} [ 20 0.3
301 LAYOUT TEMPLATE 0.065 1 0065 1043 ROLL FORM 0 o 24 0.36
303 BENCH 0e1 1 061 1044 DRILL HBLES PER TEMPLATE 3 [ 52 0+78
310 RELL FORMER 8 18 1045 TRIM GUTLINE» DEBURR, INSPECT o 12 &8 a2
312 CeNTAUR TEMPLATE 0.065 1  0.065 1046 CHEM CLEAN, AL@DINE 0.6 0 12 078
360 WORK STAND 0.1 1061 1047 TAG PART 0 0 8 0.12
361 APPLIED TEMPLATE 0:065 1  0s065 1048 APPLY PRATECTION,LOADs INSP 0.2 8 8 0.44
362 HAND DRILL 0:05 1 0.0%
363 PUNCHES 002 1 002 112.76 316 912 131,18
364 APPLIED TEMPLATE 0065 1 0.08S LABBR COST (K$) ¢ ac74) € 13,68 )
380 DGLLY .2 1 0.2
TOTAL TSSLING COST (KS$) 218975
FACILITIES TOTH. CI3T
BEIIEIARSR (K3)
500 CeNSOLIDATED MANUFACTURING & ASSENRLY PLANT 620
NEAR-TERM PRE-MANUFACTURING 3PERATIONS SUMMARY OF RESLLTS
. et mescamaranae
NON-RECURRING COSTS
= smemeweas MAT *L Q.C» MFGe PRE=MF Go T2TAL
cesT LABOR LABYR LABGR casT
L LTEM M/HRS T@TAL C4ST (KS) CM/HR) CM7HR) CM/HRY CKS)
\ Ks) :
800 REVIEW PROGRAM DIRECTIVES 700, 10.5 TOBLING 2184975
810 MFG. PRELIMINARY SCHEDWLES ' AROS 643 FACILITIES 620
820 PRODUCIBILITY STUDIES 700. 10.5 PRE-MANUFACTURING
830 IDSNTIFY/GRDER LUNG LEAD 1TEMS 500. - 7.5 NON-RECURRING COST 9688 145432
840 ACCUMULATE/REVIEY ENGR & 6C DOCUMENT. 1120 1648 RECURRING COST . 3300 49.5
850 DEVELOP SUB~ASSEWBLY & PARTS SCHEDWLE 5284 7.92 MFGe PROCESSES 112,76 316 912 13118
860 HFGs PLANNING BPERATIONS 3200, 48 cerevemae memcemcucne mmmescas
870 DESI(N/PRECURE TEALING 1400+ 21 112.76 316 912 12988 1164.98
880 VENDOR EVALUATION & SELECTIGN 11200 16+8
cemadess eemmmwemne LABPR IN (X$) ¢ 474 € 13.68 )
9688 145032

900
910

NGN=-RECURRING T@TALS
RECURRING CE8STS

EXPEDITE IN~HBUSE/PURCHASE PARTS 2750«
REVIEY PROGRESS WITH PR®GRAM GOFFICE 550,
RECURRING TRTALS 3300

TOTAL RECURRING AND NBN=RECURRING PRE~HFGa

[ 10

192.32
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Table 5-21

Manufacturing Cost Analysis

MANUFACTURING C@ST ANALYSIS

09/28770

LINE: IMPROVED MANUFACTURING LINE (LINE 2)
STRUCTURE: SUPPBRT FRUSTUM STRUCTURE (ELEMENT 1)
PRG@DUCTION RATE: 20 PER YEAR

VARIATION FRSM THE NOMINAL: NONE

TATAL PROGRAM LENGTH: 5 YEARS

LABBR RATES=($/HR)t PRE~MFGe= 15¢ 3 QeCoe= 15« 5 MFGa- 15.

WNIT Ne. TBTAL MAT'L  Bele  irGe 19 6L
T08LING COST UNITS CoST MANUFACTURING PROCESSES CB5T LABUR LAEGF cést
=EsmI=T C(KS) (KS$S) == (K3) LM/HR) (m/HNDY ()
100 CONTROL MASTER FIXTURE 5 2 10 1000 FRUSTUM ASSEMBLY
102 MASTER DRILL FIXTURE 5 2 10 1001 PURCHASE 1 RING s o o i
104 DRILL FIXTURES s 2 10, 1002 PURCHASE 1 BULKHEAD 400 © o e
106 INSERT LOCATING FIXTURES 2 2 a4 1003 VERLFY,INSP,CLEANBAG PARTS PR a6 600 17
108 BULKHEAD ASSEMBLY FIXTURES 3 2 6 1004 MAKE RBLL-SPBT SPEC. INSFECT s 06 200 1zes
110 CHEM CLEANING TANKS 15 1 1S 1005 L@AD INTERF. RING&SKIN 1§ FIXT I o 200 3
120 SPAT WELDER 45 1 as 1006 ROLL-SP@T ASSEWBLE & INSP o 160 290 a5
122 XLL-5POT ELECTRODE 0.075 1 0.075 1007 LBAD FwD RINGs koLL-SFaT 0 o 400 ¢
130 TESTING MACHINE 24 i 24 1008 MAKE SP@T-WELD TESTS, INSF 1. e 106 7
132 TEST FIXTURE 0.075 1 0.075 1009 SPOT WELD L@NG.SFLIDELKS.INSP o 400 6Lo >
140 WELD ASSENBLY FIXTURE 3. 13 1010 BOLT ASSEMBLE BULKHEAD I o 260 3
150 SPOT WELD TEST FIXTURE B 0:075 1 0,075 1011 CLEAN,IDENTIFY, INSFECT o 200 200 &
152 SPOT WELD ELECTR@DE B 0.075 1  0.075
156 TORGUE TOOLS AND WRENCH SET 0415 1 0.15 1020 LONGEREN
166 INSFECTION STATION 0.5 1 0.5 1021 VERIFY MATERIAL 16 160 G a
170 JOGGLE -NOTCH~SHEAR 2 12 1022 JOGGLE o o s Oete
172 MECHANICAL FRESS 10 ITY 1023 NOTCH 0 0 as 012
180 PUNCH DIE 0.8 1 0.8 1024 SHEAR 0 o 64 C.96
230 #ETAL TAG STAMF 0.01 1 0.01 1025 PUNCH HOLES . o I 160 ce4
242 RING HOLDING FIXTURE 0.5 1 0.5 1026 DEBURR»CLEAN,ALOD» 1 DENT» INSF I 160 326 e
243 BARING MILL 40 i 40
244 CUTTING TOBLS 0.05 1 G.05 1030 RING
250 RING FINISH HOLDING FIXTURE 0.3 1 0.3 1031 VERIFY MATERIAL 3. 366w Tes
260 MICAROME 1ER 0.05 1 0.05 1032 FACE & FORM GROGVE o o az0 aes
261 HEIGHT GAGE 0.05 1 0.05 1033 FACE BWRE,SEMI-FINsCUT @FF o I 850 12. 1
262 INDICATOR 0.05 1 .05 1034 REVERSE RING,SEMI-FINISHsAGE 0 o 600 4
270 RYUGHNESS GAGE 0«04 1 0.04 1035 KE=SETUFSFINISH 1 SIBESE [ 100 230 4495
260 WEIGH SCALE 0.5 1 0.5 1036 REVERSE & FIN. COMPLETE»INSF 0 200 600 12
256 SKIN LWSFECTION STATION 0.3 1 0.3 1097 DEBURR.CLEANs & ALODINE 1. o 360 bea
su 1AELE . 0.3 1 0.3 1038 WE1GM,1DENTIFY, INSF o 100 100 3
301 LAYGUT 1EMPLATE 0.065 1. 0.065
302 ELECTRIC SHEARS 0.1 1 0.1 1040 SKIN .
310 ROLL FOFMER 8 18 1041 VERIFY MATERIA 15 20
320 ARC WELDER 2 12 1042 TRIM T@ LAYOUT o o
322 wWELD FIXTURE 2 12 1043 ROLL F@RM o o
230 STRETCH MANDREL 3 13 1044 ARC WELD o 0
340 BORING MILL FIXTURE 0.6 1 0.8 1045 STRETCH FORM 0 0
350 INSPECTI@N FIKTURE V- [ 1046 TRIM T@ SIZE» INSPECT 0 50
2380 DLLY 0.2 1 0.2 1047 CHEM CLEAN, ALGDINE 1.5 0
TOTAL TEOLING COST C(K$) £200.065 1048 IDENTIFY,PROTECT»STORES INSF 0 20
505.1 2810 7010  65%.4
LAMBR COST (K$) ¢ a2elb > € 105415 )
FACILITIES TeTAL COST
BRESSas = (K$)
500 CONSOLIDATED MANUFACTURING & ASSEWBLY PLANT 620
VEAR-TERM PRE-MANUFACTURING BPERATIONS SUMMARY OF RESULTS
N A eeecaecmannnaane
van- i
JaN-RECURRING COSTS MATIL 9.Ce MFG.  PRE=MFG»  [OTAL
cast LABeR LaBAR LABUR cosT
1TEM M/MRS TaTAL COST K$) (MZHR)  (MZHR)  CM/HID €KS)
_ Ks) .
R00 REVIEW PRAGRAM DIRECTIVES 700. 10.5 To3LING 200,065
R10 MFG. PRELIMINARY SCHEDULES 420. 6.3 PACILITLIES 620
#70 PRODUCIBILITY STUDIES 700, 10.5 PRE=MANUFACTURING =~ .
830 IDENTIFY/BRDER LONG LEAD ITEMS 500+ 7.5 NON-RECURRING COST T 9488 145,32
840 ACCUMULATE/REVIEM ENGR & OC DSCUMENT. 1120. 16.8 RECURRING COST 33000 495
850 DEVELGP SUB-ASSEMBLY & PARTS SCHEDULE 528, 7.92 MFG. PROCESSES 505. 1 2810 7010 652. 4
B60 MFG. PLANNING OPERATIONS 3200. 48 -
870 DESIGN/PROCURE TOGLING Va0, 21 ) 50541 2810 7010 42688 2112.79
8RO N h i -
0°VENDBR EVALUATIBN & SELECTI®N lft_):___ ‘_:f_lj____ LABZR IN C(KS) ¢ 42415 ) € 105415 )
N@N-RECURRING TOTALS 9688 145,32
RECURRING COSTS
900 EXPEDITE IN-MOUSE/PURCHASE PARTS 27500+ a12.5
9310 REVIEW PRAOGRESS WITH PROGRAM QFFICE 5500, 82.5
RECURRING TTALS 33000 495
T3TAL RECURRING AND NON-REGURRING PRE-MFG. COSTS: 640432
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Table 5-22

Manufacturing Processes for Propellant Tank Structure (Element 2)
Advanced Manufacturing Line (Line 3)

v

) MAT*L Q+Ce MF Ge TETAL
MANUFACTURING PROCESSES CeST LABGR LABGR C8ST
e e ] (K% {M/7HRY (M/HRZ {K$
1000 TANK ASSEMBLY
1001 INSPECT FORWARD D@ME 0 20 10 0+ 45
1002 INSPECT LGBX TANK : (v} 40 i0 - 0:715
1003 MOVE DOME&LX TK T8 ASM TWR 0 0 20 0-3
1004 WELD CYL T@ LX TK{INTI&INSP 031 62 122 307
1005 WELD CYL T@ LX TK(EXT>&INSP 0.31 ~ 27 27 112
1006 WELD CYL TG FWD DOMECINT? 0.31 62 92 2:62
1007 WELD CYL T@ FWD DBMECEXT) 0031 52 52 187
1008 HYDR@STATIC TEST . 0 - 200 400 9
1009 DEGREASE 0 50 100 225
1010 WEICGHT & STORE 0 20 i2s 22175
1020 L@X TANK ASSEMBLY
1021 MATE C BLK/A-D@M:SEAL & INSP 134 140 152 Ss72
1022 X-RAY ALL WELDS>WEIGH ~ D+14 i0 20 0-59
1023 M@BVE T@ ASSEMBLY AREA 0 5 i0 0.225
1030 AFT DOME ASSEMBLY
1031 VERIFY MATERIAL FOR AFT DOME 2+ 6 0 0 2.6
1032 SCRIBE & SAW BLKS T@ RE@'D SHAPE o 16 32 0. 72
1033 SHEAR SPIN FORM AND INSPECT (¢t} 20 46 099
1034 CLEAN,ANNEAL»QUENCH, & INSPECT o 24 32 0-84
1035 SPIN FORM TG SHAPE AND INSPECT 0 30 - 60 1«35
1036 CLEAN, ANNEAL, QUENCH, & INSPe. (o] 24 32 0.84
1037 FINAL F@RM SPIN & INSPECT ) 0 30 60 135
1038 CUT&TRM $=-0P°NG» DEBURR & INSP 0 8 26 051
1039 CLEAN, H=-TREAT,»AGEs INSP: & STORE 0 30 54 1.26
1040 MASK»CHEM=MILL,DEBURR & INSP» 78 90 ¢] 9.15
1041 CLEAN,ANGDIZE, & INSPECT 0’ 18- 27 0675
1042 WEIGH AND STORE 1] S 9 0«21
1043 WELD JAMB & INSPECT 025 10 15 0. 625
1044 WELD STUDSsFITTINGS, & INSPECT O.11 10 15 0+ 485
1045 GRIND ALL WELDS»&DIE-PEN INSP. 0 60 200 3+9
1046 PERF@RM LEAK CHECK . ) Oe1 10 30 07
1047 X=-RAY ALL WELDS & WEIGH : 0-15 S0 3 0945
1048 TRANSPORT T@ LOX TANK ASSY AREA (O 5 10 0.225
1050 COMMON BULKHEAD ASSEM
1051 ETCH CLEAN AFT DIME 02 i5 30 0875
1052 ETCH CLEAN FWD DGME 0.2 15 30 0875
1053 FITZBND HNYCMB & INSPECT 3-8 400 1600 33.8
1054 BUT WLD Y RNGS LK CHK&INSP Qe 4 it 28 0.985
‘1055 MACHINE RING BUT WELDS : 0 20 80 15
1056 XRAY WLD>ULT/INSP DOME-WGH & STR 40 177 30 10 4. 77
1060 COMMGN BLKHD FWD DZME
1061 VERIFY C&M BULKHEAD FWD DSME 0-:8 0 (4] 08
1062 SCRIBE & SAW BLK T@ REG*®D SHAPE (o 16 32 0. 72
1063 SHEAR SPIN FORM & INSPECT 0 20 46 0+99
1064 CLEAN: ANNEAL.QUENCH & INSPECT 4] 24 32 0-84
1065 SPIN FOGRM TG SHAPE & INSPECT 0 30 60 135
1066 CLEAN>ANNEAL, QUENCH & INSPECT -0 24 32 0«84
1067 FINAL FOGRM SPIN & INSPECT 0 30 60 135
1068 CUT&TRM $~-@P°NG TG SIZ.DEBR&INSP o 8 26 051
1069 CLEAN,H-TREAT,AGE INSP & STGRE ] 30 S4 126
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1070
1071
1072
1073
1074
1075
1076

1080
1081
1082
1083
1084
1085
1086

1090
1091
1092
1093
1094
1095
1096
1097
1098
1099
1100
1110
1111
1112
1113
1114
1115

2010
2011

2012

2013
2014
2015
2016

2020
2021
2022
2023
2024
2025
2027

2029

2030
2031
2041
2043
2044

Table 5-22 (Continued)

Manufacturing Processes for Propellant Tank Structure (Element 2)

Advanced Manufacturing Line (Line 3)

MASKs CHEM=-MILL s DEBURR & INSPECT 3.8 90

CLEAN, ANODIZE, & INSPECT 0 27
WELD DOME T@ RING & INSPECT 0032 18
WELD CNTR $-CAP T@ DGME,INSP O+ 14 10
GRIND ALL WELDS & DIE=-PEN INSP o’ 60
X=RAY ALL WELDS : 023 o
PERFORM LEAK CHKsWEIGH & STORE 0s1 15

RING=-FWD DOME-COMMON BULK

VRY MAT FOR IFWD DOM Y RNG 0.35 O
FORM & INSPECT o 14
TRMs CLNs AGE & INSPECT 0 4
ANODIZE» WEIGH & STORE 0 4
WLD SEGs STRAIGTEN RNG&INSP 0 20
MILL RNG FACEs INSP&STORE 0 25
COMMON BULKHEAD AFT DOME
VERIFY COMM@N BULK AFT DOME MATL 0.9 o
SCRIBE&SAW BLK T@ REQ°D SHAPE o 16
SHEAR SPIN FORM & INSPECT ) 20
CLEAN: ANGDIZE»> QUENCH» & INSPECT 0 24
SPIN FORM T@ SHAPE & INSPECT o 30
CLEANs ANNEAL » QUENCHs» & INSPECT 0 24
FINAL F@RM SPIN & INSPECT 0 30
CUT&TRM $~@P°'NG s DEBURRZ INSP 0 8
CLEANsH=TREAT»AGEs INSP & STORE 0 30
MASK>, CHEM=MILL», DEBURR& INSP 3.2 90
CLEANs ANBDIZEs & INSPECT 0 27
WELD DAME T® RING & INSPECT 0.32 18
WELD CNTR $~CAP T@ D@ME.INSP 0.28 10
GRIND ALL WELDSsDIE-PEN INSP 0 60
X~RAY ALL WELDS 0.23 O
PERFORM LEAK CHKsWEIGH & STORE 01 15
RING-AFT DZME . COMMON BULK g
VRFY MAT F@R 1AFT DOME Y RNG 035 O
F@RM & INSPECT o 14
TRIM» CLEANs AGE & INSPECT 0 4
ANODIZEsWEIGH & STORE 0 4
WLD SEGs STRAIGHTEN RNG&INSP ) 20
MILL RNG FACE»INSPECT& STORE o 25
TANK CYLINDER
VRFY MAT®L FOR 7 SEG®S(220% MILL) 31 0
MILL EDGES 65 28
-MILL WAFFLE PATTERN 3g.5 28
ULTRASONIC INSPECT 13.85 O
MBVE 7 SEGS T@ ASSY AREA 0 7
DRILL SPREADER BAR HOLES. 0 . 14
HEAT TREAT (ANNEAL) ) 0
FBRM 7 SKINSsCLMNsAGEs INSP 0 98
ANDZ s TRMs WGH» INSTL SPR BARS 0 31
WELD 7 SEGMENTS & INSP 1ol 80
TRIM CYL & WELD RINGS 0:62 . 34
13 10

XRAY ALL WLDS»WEIGH &STORE

203

160
66
40

5.15
06945
1.04
0+ 56
39

0.23
0,925

035
0:6
0-27
D+ 18
0.9
1,125

069
0. 72
0+ 99
0«84
1435
0-84
135
0.51
126
4655
00945
1.04
0e7
3¢9
0.23
0925

0.35
0s 6
027
0.18
0.9
1125

31
Te76
33.76
1385
0-315
0563‘
0.21
4.515
114
467
2.12
2.05



2050
2051
2052
2053
2054
2055
2056
2057

2060
2061
2062
2063
2064
2065
2066
2067
2068
2069
2070
2071
2072
2073
2074
2075
2076
2077
2078

Table 5-22 (Continued)

Manufacturing Processes for Propellant Tank Structure (Element 2)
Advanced Manufacturing Line (Line 3)

RING TANK CYL

VRFY MAT FOR 2 RNGS{CYL)
FGRM 8 SEG & INSPECT
TRIM» AGEs INSPECT

ANGDIZE WEIGH & STORE

WLD SEGs STRTN 2 RNGS&INSP
MILL RNG FACEs INSP:WEIGH
MBVE 2 RINGS Td ASSEM. AREA

FOREWARD DOME

VERIFY MAT'L FOR FWD D@ME
SCRIBE&SAW BLK T8 REQ'D SHAPE
SHEAR SPIN FORM & INSPECT
CLEAN> ANNEAL » QUENCH» & INSPECT
SPIN F@RM TG SHAPE & INSPECT
CLEAN» ANNEAL » QUENCHs & INSPECT
FINAL FORM SPIN & INSPECT
CUT&TRM $-8P'NGs DEBURZINSP.
CLEANsH=TREATs AGEs INSP & STORE
MASKs CHEM=MILL.» DEBURR» & INSP.
CLEAN, ANGDIZE» & INSP. -
WEIGH & STORE ,

WELD JAMB & INSPECT

WELD STUDS»FITTINGSs& INSP.
GRIND ALL WELDS,DIE-PEN INSP.
PERFORM LEAK CHECK ‘
X-RAY ALL WELDS & WEIGH
LGAD>MGVE DOME T8 ASSY AREA

LABOR COST (K$)

ocoocoooOo
®

Lo,
(2}
[ o]

©coN00000000 =
‘o,
0 W
o =3

8.25 10

“0411 10
0o . 60
0.1 10
0s15 50
o’ 6

&S

0 0+7
52 . 1.2
28 054
16 036
80 1.8
90 2.025
i0 0.225
0 13
32 0. 72
46 0+99
32 0«84
60 135
32 0:B4
60 135
26 0.51
54 126
0 9:15
27 0+675
9 0.21
15 0. 625
1S5 0+ 485
200 3.9
30 07

3 0945
12 0.27

Socernne soeoen soshoos LR

" 130.9 3462

€ 51.93 > .

‘6788 ‘284265
¢ 101.82.) °
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5,4.1,83 Tooling

The tooling list, Table 5~23, incorporates the spinning mill for spinning domes on
both the 2- and 20-per-year production rate lines and deletes the modified vertical
boring mill metal spinning tools. In addition, a larger bed skin mill is incorporated
to handle the larger plates of the four. segment tank cylinder section.

5.4.1.4 Facilities

Manufacturing and Assembly Plants for the advanced manufacturing line are assumed

to be the same as for the improved line (Line 2).

5.4.1.5 Transportation

This is the same as for Line 2.

5.4.1.6 Near-Term Pre-Manufacturing Operation

This is the same as for Line 2,

5.4,1,7 Summary

The cost elements for production rates of 2 and 20 tanks per year discussed in para-
graph 5,4,1 are summarized utilizing MANCAN program and are shown in Tables
5-24 and 5-25,

5.4.2 SUPPORT FRUSTUM STRUCTURE (ELEMENT 1)

5.4.2.1 General

Changes in manufacturing methods tend to take place slowly except when there are
unusual pressures. However, the progress in many technologies centering about the
computer has set the stage for a step-wise improvement in manufacturing. The intro-

duction of the numerically controlled machining centers is a case in point.
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5.4.2.2 Manufacturing Processes and Tooling

Eliminating the need for much conventional equipment and tooling, the advanced manu- -
facturing Line 3 will implement a numerically controlled machining center. This will
permit the replacement of skins and rings with a single forging and thereby eliminate
the joining operation. The spot-welding of longerons is retained as a compromise with
design in order to save raw material and to reduce machining time. However, the
machining of integral longitudinal stiffeners is considered within the range of accom-
plishment for Line 3.

Within the decade allowed for the development of Line 3 concepts, there should be sig-
nificant improvements in plastics technology. Reflecting this, the honeycomb bulk-
head will be planned with ambient-temperature cured adhesive systems. This will
eliminate the space furnaces or autoclaves necessary for heat curing and also will
simplify tooling.

5.4.2.3 Cost Considerations

Although the numerically controlled machining center will be much more expensive
than the machines it replaces, it is capable of a greater work output with fewer and
simpler work-holding fixtures required. The single machine also will save floor space
and eliminate material handling and scheduling problems.

5.4.2.4 Summary

The summary of costs and tooling requirements for operation of Line 3 is given in
Tables 5-26 and 5-27,

5-73



Table 5-26

Manufacturing Cost Analysis, 2 Per Year, Line 3, Element 1

LINE:

STRUCTURE :
PRODUCTION RATE:
VARIATION FROM THE NOMINAL:

TBTAL PROGRAM LENGTH: S YEARS

MANUFACTURING COST ANALYSIS

09728770

ADVANCED MAMUFACTURING LIRE (LINE 3)

SUPPSRT FRUSTUM STRUCTURE C(ELEMENT 1)

"2 PER YEAR

NONE

LABOR RATES=(S/HR)t PRE-MFGe= 15« 3 GeCe- 15. 3 MFGe~ 15.
UNIT N@. TOTAL MAT'L  GeCe  MFGe 1374L
TOYLING COST UNITS COST HANUFACTURING PROCESSES €051 LABOR LABan cest
= (KS) (XS = (KSY (M/HR) (WlHn) C(Ks)
50 CUNTRUL MASTER FIXTURE s 2 10 1000 FRUSTUM ASSEMBLY
60 MASTER DRILL FIXTURE 5 2 10 1002 VERIFY MAT'L,CLEAN,BAG FAR1S 0.1 5 40
70 DRILL FIXTURES 5 2 10 1004 MAKE SPOT WELD SPEC.»INSP 0.1 3¢ 10
80 INSERT LOCATING FIXTURES 2 2 -4 1006 LBAD PARTS IN FIXTURE,WELD,INSP o 30 60
90 BULKHEAD ASSENMBLY FIXTURES 3 2 6 1008 BBLT ASSEMBLE BULKHEAD 5¢ ° 20
106 CHE# CLEAWING TANKS i5 118 1009 CLEAN, IDENTLFY,INSPECT o 20 20
110 SPOT WELDER 20 ro20
112 wELD ELECIAGDE 0.075 1 0.075 1010 LONGERON
120 TESTING MACHINE 24 1 ea 1012 VERIFY MATERIAL 0.t 16 0 [
122 TEST FIXTUKE G-075 1 0.075 1014 NOTCHs SHEAR o [’ 16 C.za
130 WELD ASSEMBLY FIXTURE 1 [ 1016 DEBURRsCLEAN, AL@DINE 0 o 3 6. 43
140 T4ROUE T@OLS & WRENCH SET 0¢15 1 0.15 1017 IDENTIFY & INSPECT o 16 ° 0r2a
150 INSFECTI@N STATION 0.5 I 0.5 ‘
160 IR@N WORKER (BUFFALD) 6 16 1020 SHELL
162 NOTCH & SHEAR DIE 0.3 1 .03 1022 VERIFY MATERIAL 4ed 30 v 4.95
17¢ DEGREASER 2.5 1 2.5 1024 RBUGH FACEs TURN,BORE 0 0 60 Ge9
180 o/C BORING MILL 250 1 250 1026 AGE» INSPECT : o 5 0 0,075
196 HULOING FIXTURE 1ed 2 2.8 1028 RBUGH FACE, TURN, BBRE. 0 0 éc 0.9
200 CUTTING T@0LS 0.1 1 0ed 1030 AGEs INSPECT [ 5 0 6. 075
210 INSFECTION STATION 3, 13 1032 FINISH FACE» TURN»BORE 0 [ 160 15
212 INSPECTION INSTRUMENTS 0.5 i 0.5 1034 DEBURRsCLEAN»ALGDINE 0.25 0 40 0.85
2e0 CLEAN & AL@DINE TANKS 15 115 1036 WEIGH» IDENTIFY, INSPECT o 20 10 0.45
230 wEIGH SCALE 0.5 1oo.s L ceemeae ecacec cocien ceecenene
TITAL TBBLING CST (KS$) 381.5 55.11 177 468 640785
LABOR C@ST (K$) ¢ 2.655 ) € T.02 )
.
FACILITIE TATAL COST
zsas == K$)
500 CONSOLIDATEL MANUFACTURING & ASSEMBLY PLANT 626
NEAR-TERM. PRE-MANUFACTURING BPERATIONS SUMMARY @F RESULTS
2zszas ssssszssssssczssssssssmasz POShSp
N@N-RECURRING COSTS
L L ELE R MAT'L Qe Co MF Ge PRE=MF Ge TOTAL
cast LABAR LABYR LABBR cosT
LTEM M/HRS TdT?l.sl’}BST CKSY CM/HR) CM/HR) CM/HR) (123
X
800 REVIEW PROGRAM DIRECTIVES 700+ 1045 TOLING 381.5
R10 MFG. PRELIMINARY SCHEDULES 420, 6.3 FACILITIES 620
R20 PRODUCIBILITY STUDIES 700, 10.5 PRE-MANUFACTURING :
a3n IDENTIFY/BRDER LONG LEAD ITEMS $00. 75 NON-RECURRING COST 9688 145,32
B 40 ACCUMULATE/REVIEW ENGR & OC DACUMENT. 1120. 16.8 RECURRING COST 3300 49.5
R50 DEVELIP SUB-ASSEMBLY & PARTS SCHEDULE s28. 7.92 MFGe PROCESSES 55411 177 468 ’ 644785
60 MFG. PLANNING 3PERATIONS 3200. a8 memesweme vascerecs Cmemsemee cocmcmamces ccecmensa
870 DESIGV/PRICURE TOOLING 1400. 21 $5.11 177 468 12988 126141
H80 VENDAR EVALUATIZN & SELECTI®N 11200 16.8
. mmmemmee’ sesececoon LABER IN (K$) € 2.655) ¢ 7.02.)
N3N-RECURRING TSTALS 9688 145032 - :
RECURRING COSTS
900 EXPEDITE IN-HOUSE/PURCHASE PARTS 2750,
910 REVIEW PROGRESS WITH PROGRAM @FFICE 550.
RECURRING TOTALS 3300
TATAL RECURRING AND H@N-RECURRING PRE-MFG. COSTSz 194.82
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Table 5-27

Manufacturing Cost Analysis, 20 Per Year, Line 3, Element 1

MANUFACTURING CBST ANALYSIS

09/25/70

LINE: ADVANCED WANUFACTURING LINE (LINE 3)
STRUCIURE:  SUPPBRT FRUSTUM STRUCTURE (ELEMENT 1)
PRODUCTION RATEs 20 PER YEAR

VARIATION FROM THE NOMINAL: NONE

T@TAL PRBGRAM LENGTH: S YEARS

LABGR RATES-(S/HR): PRE~MFGe~ 1S5S+ 5 Q¢Ce= 5+ J MFGs= 15y

UNIT N@. TOTAL MAT'L  0eCe  MrGe 101AL
189LING COST UNITS CBST MENUFACTURING PR@CESSES €9S1 LABIR LAbuk Cost
s=gz=z3 (KS$) (KS$) (KE) CO/HR) CMisHR) T (K3
50 CUNTROL MASTER FIXIURE 5 2 10 . 1000 FRUSTUM ASSEMBLY
60 MASTER DRILL FIXTURE 5 2 1o 1602 VERIFY MAT'LsCLEAN,BAG FARTS te 56 4006 To1s
70 URILL F1XTUKES 5 2 10 1004 MAKE SPOT WELD SPEC..INSP 1. 300 1CC 7
8U INSEKT LGCATING FIXTURES 2 2 a 1006 LOAD PARTS IN FIXTURE.weld, insp © 300 660 1305
90 BULKHEAD ASSEMBLY FIXTURES 3 2 ¢ 1008 BOLT ASSEMBLE BULKHEAD 200 © 200 “63
100 CHEi CLEANING TANKS 15 115 1009 CLEAN, IDENTIFY,INSPECT o 260 20C 3
110 SPOT WELDER 20 1 20
112 wELD ELECTR@DE 0.075 1 0.075 1610 LONGER®N
120 IESTING MACKEINE 24 1 24 1012 VERIFY MATERIAL 1.6 166 © 4
122 [EST FIAIUKE 0.075 1 0.07S 1014 NGTCH» SHEAR o o 160 Zea
150 waln ASSEMBLY FIXTURE 1 1o 1016 DEBURR,CLEANs ALGDINE 0 I 3z6 4
140 TOKQUE T@ULS & WRENCH SET 0415 1 0.15 1017 IDENTIFY & INSPECI © et o P
150 1wSPECTION STATIEN .5 I 0.5 .
160 1ndx woRKER (BUFFALQ) 3 roe 1020 SHELL
162 NJICH & SHEAR DIE 0.3 1 .3 1022 VERIFY MATERIAL 30. 306 © 34.5
170 PEGREASER 2.5 1 2.5 1024 RBUGH FACE» TURN.BERE ° o £60 9
160 /¢ BARING MILL 250 1 250 1026 AGE» INSPECT 0 56 I 6.75
190 HOLLING FIXTURE tea 2 2.8 1028 ROUGH FACE» TURNs BORE 0 o 600
€00 CutIlNG 1BuLs ) 1 0.1 1030 AGE, INSPECT o 50 I
21U INSPECIIon STATIGN 3 13 1032 FINISH FACE> TURN.BRRE o 0 1600
<t2 INSPECTION INSTRUMENTS 0.5 1 0.5 1034 DEBURR»GCLEAN»ALBDINE 2.5 0 400
220 CLEAN & ALODINE TANKS 15 1 15 1036 WEIGH, IDENTIFY» INSPECT 0 200 100
230 WEIGH SCALE 0.5 1 0.5 --
T@1AL TOBLING COS1 (KS) 381.5 236.1 1776 4686
LABBR COST (K$) € 26.55 ) ¢ 70.2 )
FACILITIES T8TAL CBST
zanzasazsz K%
500 CONSOLIDATED MANUFACTURING & ASSEMBLY PLANT 620
NEAR-TERM PRE-MANUFACTURING OPERATIONS SUMMARY 2F RESULTS
NBN-RECURRING GOSTS MAT'L . 84Ce HFGe PRE=MFGo 1376k
B cast LABAR LABOR LABYR CUST
: : : Ms CM/ZHRY  CMZHR) s
17EM M/HRS TATAL CeST s (M/HR e
) s 3B1.5
800 REVIEVW PROGRAM DIRECTIVES 700. 10.5 T s 620
810 MFG. PRELIMINARY SCHEDULES 220, 6.3 PRE-HANUFACTURING
820 PRIDUCIBILITY STUDIES 700. 10.5 NGMRECLRRING LAST - 9688 145032
830 IDENTIFY/@RDER LONG LEAD ITEMS 500. 7.5 RECURRING COST 33000 95
840 ACCUMULATE/REVIEY ENGR £ GC DBCUMENT. 1120, 16.8 MFG. PROCESSES 23601 1770 2680 332485
€S0 DEVELJP SUB-ASSEMBLY & PARTS SCHEDULE 528, 7.92 - — z
860 MFG. PLANNING GPERATIONS 3200. a8 N 1974067
870 DESIGV/PRACURE TOOLING 1400. 21 2361 1770 4680 “asss *
880 VENDZR EVALUATI®N & SELECTION [ L LABOR IN (KS) € 26.55> € 70023
NON-RECURRING TOTALS 9688 ! 1as.32
RECURRING COSTS
900 EXPEDITE IN~HBUSE/PURCHASE PARTS 27500+ a12.5
910 REVIEW PROGRESS WITH PROGRAM OFFICE 5500+ 82.5
leeices memeileee.
RECURRING TOTALS 33000 295
TATAL RECURRING AND NON-RECURRING PRE~MFG. COSTS® 640432
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5.5 MANUFACTURING LINE DIFFERENCES

The manufacturing line and facility differences starting with the state-of-the-art man-
ufacturing Line (Line 1), progressing to the Improved Manufacturing Line (Line 2) and
ending with the Advanced Manufacturing Line (Line 3) are shown for the 2- and 20-per

year production rates for each of the structural elements in Tables 5-28 and 5-29.

Alternate differences for consideration as the study progresses include, for structural
Element 2, the cost, quality, buy-off, and feasibility of rolling the entire cylinder
section from an aluminum billet and the use of a diffusion bonded structure to replace

the bonded honeycomb in the common bulkhead.

Differences between one manufacturing line and another may not necessarily reduce
cost but may indicate a worthwhile trade-off of overall cost versus quality. For ex-
ample, changing the manufacturing process of the fuel tank domes from welded seg-
ments to a total dome which is made by a shear spinning process from a single piece
of metal may not result in a cost reduction; however, quality is certainly improved by
the elimination of 150 feet of welds that must be ground smooth, X-rayed, dye pene-
trant inspected, and pressure tested for leakage. These requirements alone indicate

the impact on quality by the elimination of welding.
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SECTION 6

INTERACTION ANALYSIS

6.1 INTRODUCTION

The previous chapters have presented the approach, results and details of the study
calculations, It is evident from these results that the factors influencing manufacturing
cost are numerous and varied; some of the more important factors are illustrated in
Figure 6-1, These factors were varied using the methods described in earlier sections
and the impact on cost results analyzed, Results for variation of factors one at a

time and for several variables simultaneously are presented in Section 3.

The results with multiple factor variation can be categorized into two classifications:
a. Independent (or uncorrelated) factors.

b. Dependent (correlated) factors.

In the first case where manufacfuring factors are independent, the MANCAN computer
program was used for simple analysis with multiple factors. Those factors shown in
Table 3-14 were initially assumed to be generally in this category, e.g., the factor 4,
producibility file,is assumed independent of factor 7 for shop scheduling, The inter-
actions which do exist between these factors are qualitative in nature and are discussed

in Paragraph 6,4,

For purposes of this interaction analysis, the selected factors numbers 4, 5, and 8
which had the greatest impact on cost as illustrated in Figure 3-7, were grouped under
one category, Factors. These together with seven of the other most significant parame-

ters were selected for a quantitative interaction study:

Parameter Symbol

1., Structural Element Type E
(Number 1 or Number 2)

2, Manufacturing Line Number N
(Number 1 or Number 3)

3. Manufacturing Rate A
(2 per Year or 20 per Year)

4. Quantity Q
(10 or 100)

5. Inclusion of Tax and Interest T

(0 or 3 percent, 6 percent)



Parameters Symbol
6. Type of Depreciation D
(100 percent or straight line)

7. Learning Curve L
(100 percent or 80 percent)

8, Factors F
(0 or number 4, number 5,
number 8)

As discussed in the Results, Section 3, the indicated excursions in these eight parame-
ters have the most significant impact on manufacturing costs, These parameters are
decidedly interrelated and formed the basis of the quantitative interactions study. This

study and results are diséussed in the following section,

6.2 QUANTITATIVE INTERACTIONS STUDY

6.2.1 METHODS

Several methods were considered for associating quantitative values with the inter-
actions between the major variables., These methods include:
a. Parametric Study—varying parameters singly and in combinations,
b. Multiple Regression—fitting a least-squares surface through the results
and examining the covariance coefficients.
c. Factorial Design (two-level 28 design) where all combinations of two

versions of each of 8 variables were studied simultaneously.

By far, the most productive yet conventional approach was the parametric study, Re-
sults from this type of investigation are presented thoroughly in Section 3 and Appen-
dix B. The two disadvantages are: (a) the high cost for obtaining the necessary data
points (numbered in the tens of thousands), and (b) the difficulty in presenting inter-
action results. With the limitations of graph paper and matrices, one is hard-pressed
to present or absorb results of the simultaneous variation of more than three or four

variables,

6.2,2 MULTIPLE REGRESSION

Multiple regression techniques were applied using an available computer program
(MRFG)(la) from the General Electric timesharing library, Initial runs were used to

fit the following model to a series of available observations:
Y -Y = X -X)B, H(X- X )B, *+ ...+ X -X)B

6-2
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where:

a, Xj j = 1...p)were selected values of the independent variables such
as depreciation, taxes and interest percent, inclusion of factors, learn-
ing curve slope and manufacturing rate.

b. Y is the cost per unit in K$.

c¢c. The bar superscript indicates the mean values of each variable,

The multiple correlation coefficient P, Was determined where 0 < Py = 1, Least
squares estimates of coefficients (ﬁl ces Bp) were determined as well as the constant

term, bo’ where

P
b =y - % X8
i=

171
1

Additional statistical parameters, including the variance-covariance matrix were com-

puted to determine the impact of interrelationships of variables,

The initial runs, which used variables assumed to be directly (and linearly) correlated
to cost, were generally inappropriate. As is evident from inspection of typical re-

sults in Appendix B, the costs do not vary linearly with the various parameters.

Several transformations of variables were considered, but these did not improve re-
sults greatly, although the multiple correlation coefficient did improve from 0,628 to
0,891 in the best case. In this (best) case for element number 2, line number 1,

20 per year rate, the following transforms were used,
X = 100/quantity produced

x. = 1/program length in years
2

The equation relating other variables was as follows:
K$ Cost per unit = 18,800 X, + 96849 X;) + 7.68 (Learning

Curve) - 980 (Tax Number) - 8685,

In this case, the learning curve value was either 1,0 or 0,8, and the tax and interest

number was 2 for 3 percent and 6 percent, and 1 for 0 taxes and interest,



The results, however, were of little value in determining the interactions between vari-
ables. Including a greater number of variables in the analyses only served to reduce

the multiple correlation coefficients. Attentionwas thenfocused ona more comprehensive
factorial design analysis described below.

6.2.3 FACTORIAL DESIGN DATA

Factorial design analysis, as described in References 14 and 15 examines all first-
order combinations of selected experimental factors, For simultaneous study of two
values of each factor, the number of data points required is ZK where K is the number
of factors studied, in this case 8, To minimize the number of required computer
runs, equations were developed which provided a reasonabley good fit through the
data by approximating the detailed calculations performed by the computer, by,
n
c = 12_:,1 t;d A£G +R

where

C is the cost for a particular set of conditions, e.g., structural element, rate
and quantity

t is a coefficient for inclusion of taxes and interest

and is 0 for nominal case (no taxes or interest)
{ 1 for inclusion of 3 percent taxes and 6 percent interest

d is a coefficient for variation of depreciation method
and is 1 for 100 percent writeoff
{ assigned value < 1 for straight line

? is a coefficient for inclusion of learning curve
and is 1 for learning curve of 100 percent
assigned value < 1 for 80 percent learning curve

f is a coefficient for inclusion of factors

{ 1 for no factors
assigned value < 1 when factors are included

and is
G is the cost for a subgroup of costs which comprise the total cost, C
R is the remainder

n = total numbers of subgroups
For example, for element number 2, line number 1, 20 per year and a 5 year program,
the values shown in Table 6-1 are applicable.

6-6



Cost Equation Factors

Table 6-1

i Types of Cost Subgroup G, t, di Bi f.
1 Taxes and Interest 14548 1,0 1,.975 | 1,1 1,.795
2 Pre-Manufacturing 1500 1,1 1,1 1,.3265 1,.65
Labor (R)
3 Manufacturing Labor 113056 1,1 1,1 1,.3265 1,.65
4 Quality Control Labor 6641 1,1 1,1 1,.3265 1,.504
5 | Material | 14182 1,1 1,1 1,1 1,.504
6 NR Pre-Manufacturing 1040 1,1 1,1 1,1 1, .64
Labor
7 Facilities 22833 1,1 1,.125 ) 1,.81
Tooling 9496 1,1 1,.55 R 1,.75
Remainder (R) 390
Total 81936

The values in column Gi for this example are the same as the second column of

Table 3-6. The selection of the two values for the coefficients ti, di’ ﬂ'i’ and fi is

determined by inclusion of the factors in the equation.

Tables similar to 6=1 were constructed for the other cases, equivalent to Tables 3-3

through 3-6, A small time-sharing computer program was developed to rapidly com-

pute the needed values listed in Table 6-2 for use in the factorial design analysis.

Checking of these results against known results indicated that this equation approxi-

mated the actual results within a few percent.

6.2.4

FACTORIAL DESIGN ANALYSIS

In a ZK, factorial design, that is, a two-level factorial design in K variables, data is

analyzed for all combinations of two versions of each of the K variables. If the vari-

able is continuous, the two versions are the high and low level of that variable. If the

variable is qualitative, as in the case of the majority of the factors studied here, the

two versions correspond to two types or the presence or absence of the variable,
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Table 6-2

% Relative

K$ Cost/  to Line #1,
Unit 2/Year
2354, 7 133.972
184749 195-118
23547 133.972
1847.49 185115
1347868 T6: 6875
1833.87 $8-.7772
1347-.86 7606875
1833.87 587772
17615 _ 106.222
1343.27 T6+ 426%
17615 1800.222
1343.27 Tbe 4265

769+ 49 437867
541.454 30.8064
769+ 49 43.7807
541454 A0 -8864

. 2385.8 13119
1812.3 183112
2385.8 13119
1812.3 183.112
1402.12 79. 7744
1082, 51 61-59
1402.12 797744
1982.51 6159
17132 97.4738
1308.59 7404529
1713.2 9704738
1308.59 T4+ 4529
824,33 469009
591.389 3306475
824.33 46+9009
591.389 3306475
143¢4 131879
116.805 101.284
143. 4 131,079
113.80% 181284
82.2275% 75« 14622
612821 S6-0166
822275 151622
612821 56-0166
1895 1906891
8199 T4 9482
189.5 108.091
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Data for (2)7 Factorial Design (Cont.)
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% Relative

K$ Cost/  to Line #1,
Unit 2/Year
81.99 749452
49178 _ 4494897
331875 30-3359
49 175 449497
331875 393359
1713 156581
135.352 123.722
171-3_ 156+ 581
135.352 123.722
28.7325% 98.2491
766991 79. 1089
98+ 732% 202491
166991 791089
126.2 115:3%6
97817 88681
12662 _ 115:356
97817 B8.681
54076 50-86548
39.3225 359438
$54.76 500548
39.3225 35.9438
819.35% 4606175 *
578056 . 320 4685 %
688.381 39164 _ *
491-961 27.9985 *
573-.192 326122 %
373791 2128731 *
442.223 25,1666 *
29%.191 167951 *
67387 383404
£54.904 28.8821
542.981% A0-8888
3763064 214141
431349 245419
261026 14-8513
30638 1709064
182. 426 183793
7805 63 481474
488.216 27.7774
£94.43% 32.8268
426.932 23.9493
S0é.79 28,8342
330.188 18. 7863
395,595  22.5877
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Data for (2)7 Factorial Design (Cont.)
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% Relative

K$ Cost/ to Line #1,
Unit 2/Year
262-.945 149882
58081 _ 338456
388.984 22.131%
469-615 267193
3217 183034
AB589_. 2191 ..
233.437 13-281 6
273-.895 15.583%
166,153 945343
2S5.1 __ 22:.9433
17.8823 156146
196177 17.9321
135631 123977
19.1118 174696
12-.262 11.2084
13.6295 124584
8074272 799152
2183 _ 19.9543
14-4827 13.2383
163477 149431
18.9634 160214
159235 14.5553
97273 . 8:.8915 _
1904412 9.54407
620807 5: 67465
2425 . 221684
173905 158963
20.2629 18,5218
14.8254 13.5516
16,9935 15.5334
116176 1A-.6194
13.8064 11.8888
90525 8.27468
19 75. 18853
13813 125 6262
157629 14. 4085
112479 162815
12.606 115229
8012982 T+ 43101
861888 7-87832
556444 588633



For the eight variables under discussion the levels shown in Table 6-3 were arbitrarily

selected, which correspond to ~1 and +1 values respectively,

Table 6-3

Selected Two-Level Values for Variables

Variable Symbol Low Level (-1) | High Level (+1)
Structural Element Type E #2 #1
IManufacturing Line Number N #1 #3
Manufacturing Rate A 2/Year 20/Year
Quantity Q 5 Years Production —

Taxes and Interest T 0 3%, 6%
Depreciation D 100% Straight Line
Learning Curve L 100% 80%
Factors F None #4, 5, 8

The data grouping for analysis is arranged to accommodate systematic analysis of re-
sults. For example, grouping of the eight runs comprising a 2® factorial are illustrated
in Table 6-4 for three variables, F, L and D,

Table 6-4
Notations for a 2% Factorial Design
Sequence Number Variables Notation

F L D
1 1 -1 -1 -1
2 F +1 -1 -1
3 L -1 +1 -1
4 FL +1 +1 -1
5 D -1 -1 +1
6 FD +1 -1 +1
7 LD -1 +1 +1
8 FLD +1 +1 +1

6-11



Continuing this illustration, a 22 example is selected for element number 2, line num-
ber 1, 20 per year from the middle of Table 6-2 (noted by asterisks) and illustrated in
a cube in Figure 6-2. The eight corners correspond to the notations in Table 6-4;the
values at each corner are the percent cost. Varying the depreciation (D) from 100 per-
cent to straight line shows an average decrease from the values on the back face of the
cube of (47 + 32 + 39 + 28 = 146) to the front face of (33 + 21 + 25 + 17 = 96) or an aver-
age change of -50/4 or -12.5. In the same manner, the change in learning (L) com-
pares the left face (47 + 33 + 32 + 21 = 133) with the right (39 + 28 + 25 + 17 = 109) or
an average change of -24/4 = -6, Average impact of inclusion of factors (F) is seen
by comparing the lower surface (47 + 33 + 39 + 25 = 144) with the upper surface of the
cube (32 + 21 + 28 + 17 = 98) or an average of -46/4 or -11.5,

In the same manner the interactions (combined impact of two and three variables simul-
taneously) are determined by the comparison of the values at the plane intersections

for the combined variables. Results for this case are tabulated in Table 6-5, and can
be expressed in the following equation, with coefficients halved for use with the selected

coordinate system,

Percent Cost/Unit = -5,75(F) -3(L) +1FL -6.25D
+ 0.75 FD + 30.25

where the values of F, L, and D have a value of either -1 or + 1 as illustrated in

Table 6-3. The constant value 30.25 is the numerical average of all points.

Table 6-5

Results for the 22 Example in Figure 6-2

COEF. VARIABLES MEAS. VALUE
=115 F 32

=6 L 39

2 FL 28
=125 D 33

165 FD 21

@ LD 25

@ FLD 17

3B.2% G?NSTANT

6-12



Constant Conditions

Element Line Rate Q Taxes & Interest

2 1 20 20 No
Cost/Unit in % ¥
~5=,t 32 28
\ \ #4,#5 #8
in
Yt 17
+yt
Z
39 Factors
100% _ f7_ =y ty- v
’ s
Depreciation \ \

RN :

o=y +yt, =
Straight T None
Line
\J‘ Learning Curv«\ o |
100% 80%

Diagrammatic Representation of Calculated Costs Per Unit in %

For all Combinations of Two Versions of Each of Three Variables
(Depreciation, Learning Curve and Factors),

Figure 6-2, The 23 Factorial Design Array
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Interpretation of the absolute value of the coefficients shows the average impact of the
variables on cost. In this example the primary impact comes from D, F, and L in

that order followed by the interactions FL and FD which are less important.

Analyses of the 27 factorial design data in Table 6-2 yields the results in Table 6-6,
In this example the differences between structural elements are normalized by re-
ferring all percentages to line number 1, 2 per year production rate, without taxes

and interest. The production is for 5 years, e.g. , 10 units for 2 per year and 100

units for 20 per year.

The equation, includingonly the coefficients larger than 0. 5 from Table 6-6 (halved for the

coordinate system) and rounding off the decimals, is as follows:
Percent Cost = 7.2 (F) - 1.1 (L) - 15.1 (D) + 1.7 (FD) - 9.4 (T)
0.9 (FT) + 1.5(N) - 1.4 (E) + 2 (NE) - 1.3 (DNE)
0.9 (TNE) - 31.2 (A) + 3.7 (FA) - 1.1 (LA)
10.7 (DA) - 1 (FDA) + 6.7 (TA) - 2.3 (NA)
0..6 (TNA) - 4,3 (EA) + 0.7 (FEA) + 1.6 (DEA)
0.8 (TEA) - 1.6 (NEA) + 0.6 (DNEA) + 50,

A+t

The largest impact on manufacturing cost is found in the single parameters,

Manufacturing Rate (A) -31.2
Depreciation (D) -15.1
Taxes and Interest (T) - 9.4
Factors 4 + 5 + 8 (F) -7,2

The parameter interactions of greatest significance are the following combinations,
Depreciation and Rate (DA) +10,7

Taxes and Rate (TA) + 6.7
Element and Rate (EA) - 4.3
Factors and Rate (FA) + 3.7

and combinations of less importance,
FD, FT, NE, DNE, TNE, LA, FDA, NA, TNA, FEA,
DEA, TEA, NEA, and DNEA,

A significant factor in the above analyses was the introduction of two values of rate (A).
Since this introduces a significant change in line tooling and processes, it is signifi-
cant to look at the impact of the other variables without this overshadowing effect,

An example of a 2° design for 20 per year only is shown in Table 6-7,
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Table 6-6

Results of (2)7 Factorial Design Analysis

Coefficient

- B - o

=14.3594
=B2.26562 .
Be 421875
=38:2656
348437
B.01562%8
“R.B46875
~18.8281
1.88937_
A.815625%
-8.1093735
0.015625
2283125
B.046875
~28.87812S
3.04687_
-@.@78125
B.265625
~@046875
“P.BA4687S
«3.296875
~8.215625
B.046873
-9.9843175
-8.17187%
-G.@315625
9109315
B.29687%
=8:.26562%
P.078125
8.87812S
=2 796817 _
4531258
0. 484375
“B.81812%
P.Q4687%
-Ps328125%
B-:815625
8.37812%
B.734375
=3.328125%
B-81562%
B.140625
$-328123

Variables

FDIN
FLDTN
FE

FLE
DE.
FDE
LDE..
FLDE

FTE
LTE.
FLTE
BTE .

Measurement Value

103
134
145
17
39
17
59
100
6.
108
16
43
30
43
30..
131
183
131
183
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Table 6-6

Results of (2)7 Factorial Design Analysis (Cont.)

Coefficient

=B+359313
B.-046813
B.046815
3.98437._
0-149375
8.015625
~B+B46875
«2. 68937
9+515625
‘9-015525
-A.478125
~1+72687._
9.515625
-B.A15625
-0+ 140625
~0.265623
8226873
2.87812%
-P.846815
~62+3594
7-39862
=2.265362_
0.421875
21.4844
=2.01562_
P.81562%5
~PeB46875S
13:2969
=@ 7656259
8915623
-8.109325
~3359375
8-328125
B.-046875
=@-R78125
=4:57812_
B.84687S
P.265625
=B A46873
B-.828125
-B421875
~B.615625
B.846815
126562
«Ge 421875

Variables Measurement Value
FDTE 38
LDTE.. 45
FLDTE 34 .
NE . 157
FNE 124
LNE . 157
FLNE 124
DNE . 90
FDNE y{
LDNE . 99
FLONE 14_
TNE .. 115
FINE 89_
LTINE . 115
FLTNE 89
DTNE.. 1)
‘FDINE 36
LDTNE . .1
FLDTNE 36
A 47
FA 32
LA 39
FLA . 28
DA 33
FDA 21
LDA 2%
FLDA 17
TA. 38
FTA 264
LTA. 31
FLTA 21
DTA. 13
FDTA 17
LDTA 10
FLDTA 10
NA 40
FNA 28
LA 34
FLNA 24
oNa . 29
FDNA 19
LDNA 23
FLDNA 15
TNA 33
FTNA 22



Table 6-6

Results of (2)7 Factorial Design Analysis (Cont.)

Coefficient

-B.A15625
B-18937%
0846875

«~B:265625
G.078125
2.97812S

8¢ 54687
1.45312_

D+ 484375

~Q.078125
329687 _
-8.578125
0015625
fA.878125
168937
-0.453125

9.A15625

v e

8.203125
«@.234315
0.046815
. 9846875
=3414062_
De4AB43TS
8.815625
-a.346815
126562
9.140625
-B.8156425
-3.878125
9.703125
B.265625
-B.81562%
=@140625
=0.26562%
8.296875
B-8I8125
~P.B46875
499453

Variables

LTNA
FLTNA
DTNA
FDTINA
LDTNA

FLDTNA

EA.
FEA
LEA.
FLEA
DEA.
FDEA
LDEA.
FLDEA
TEA .
FTEA
LTEA.
FLTEA
DTEA
FDTEA
LDTEA
FLDTEA
NEA
FNEA
LNEA
FLNEA
DNEA .
FDNEA
LDNEA
FLDNEA
TNEA .
FINEA
LTNEA
FLTNEA
DTNEA
FDTNEA

LDTNEA .
FLDTNEA

CONSTANT

Measurement Value

27
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Table 6-7

Elements 1 and 2—20 per Year Values as Percent of Nominal

Coefficient Variables Measurement Value
-28:5625 F 8s
-§62125 L 11}
3. 625 FL 73
«28.25 D 85
3-.125 FD 55
«P.062%5 LD 66
“0+9625 FLD 44
«18:6875 T. 100
2.9625 FT 68
2 . LT 81
-Be 125 FLT 56
F.25 DT . 64
o . _. FDT 39
G875 LDT . 45
~A.062% FLDT 27
=625 N 1958
2,125 FN 72
20625 LN - 88
~@437% FLN 62
#.3125 DN 75
“B.0625 FDN A9
? LDN 59
” . FLDN 39
=B+ 625 TN 86
P125 FTN 58
B-3625 LTN 79
?.187S FLTN A8
-B.8625%5 DTN 57
#0625 FDTN 35
8 LDTN 41
B.125 FLDTN 25
Bel E 115
B.125 . FE 78
~1.812% LE 93
B.18715 FLE 62
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Table 6-7

Coefficient Variables
i:1875% DE

=@ 1875 FDE
=@ 28 L.DE

e FLDE
G875 TE
"GOG625 LTE
P.0625 FLTE
38625 DTE
#.8625 FDTE
. LDTE
~P125 FLDTE
2.6875 NE
B+5625 FNE
Pe879 LNE
B 1 25 FLNE
-3 . - DNE
0125 FDNE
B.062% LDNE
B.0625 FLDNE
B0.187S FTNE
2 LTNE
0.125 FLTNE
] DTNE
a ) FDTNE
BB 625 LDTNE
D.B62S FLDTNE
65.2812 CONSTANT

Elements 1 and 2—20 per Year Values as Percent of Nominal (Cont.)

Measurement Value

88
56
62
40
100
66
75
50
73
46
48
28 |
111
80
23
68
78
53
60
41
90
63
72
52
58
37
39
2s

6-19



Here the impact of learning curve (L) is more pronounced, both as single and multi-
ple variable interactions. The impact of the factors (F) is more pronounced and dif-

ferences between the two elements are less noticeable at the single (20 per year) rate.

6.3 SUMMARY OF QUANTITATIVE INTERACTIONS STUDY

The foregoing results as summarized from Table 6-6 on Figure 6-3 illustrate the
strong impact of the single variables, such as depreciation, rate, taxes and interest,
selected factors, and learning. Interactions of combined variables on results are less
pronounced, though still quite significant, particularly those coupled with influence of

changing manufacturing rate.

The interactions between the larger number of factors impacting manufacturing costs

are discussed qualitatively in the next section.

6.4 QUALITATIVE INTERACTION STUDY

As shown in Figure 6-4, the major factors that control manufacturing cost are depen-
dent upon each other and a change in one may start a chain reaction and impact several

other factors to some degree.

A cost saving measure taken in one area may significantly increase cost in other areas
resulting in an overall increase in manufacturing cost. For example, moving the
manufacturing operation to a low tax location generally brings with it low cost facilities.
However, these conditions might also necessitate moving key personnel into the area
and implementing extensive training programs for utilization of the inexperienced
available labor force. Learning on the job is costly; concurrent manufacturing
errors result in increased component rework or scrap and material waste, Frequently
under these conditions, lost time attributed to increased personnel injuries will

multiply.

It is evident that each manufacturing or related factor change must be evaluated to
determine total interaction impact upon overall cost, However, it is a considerable

task to quantitatively evaluate the many changes in factors and their overall interactions,

A step in this direction is the matrix shown in Figure 3-7 which is applicable to the
overall manufacturing and related system. This matrix is useful as a qualitative

evaluation summary through the identification of factors interactions.
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The key manufacturing parameters (which are major grouping of the factors shown in
Figure 6-4) are shown in Figure 6-5 down the left side as well as across the bottom of
this illustration. The factors which have a major influence of the key parameters,

one-on-another, are shown in the field of Figure 6-5.

An example of the use of Figure 6-5 is seen in the dependence of both design and
product identification factors upon manufacturing test and change control. A second
example is seen in the dependence of program and quality control factors upon budget,
schedule, and production rate. The principal impact of program control factors on

quality will be influenced by available budget, schedules and planned production rate.

Other qualitative interaction factors relating to key manufacturing parameters can be

seen in Figure 6-5.
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MANUFACTURING COST ANALYSIS (MANCAN)

PROGRAM LISTING



APPENDIX A

INTRODUCTION

The "MANCAN" Program is written in BASIC language for the MARK II General Elec~
tric timesharing computer system. Techniques for use and explanation of language of
this program are described in the following manuals, copies of which are available
through the General Electric Timesharing Service Offices.
Manual 711223D—"MARK II Command System'", Reference Manual published by
General Electric Company, Information Services Department, revised May 1970.
Manual 711224A—'"MARK II BASIC Language'', Reference Manual published by

General Electric Company, Information Services Department, dated March 1970,
The program is written to be user-interactive. The user can access and run the pro-
gram with only a knowledge (as described in Section 3 of this report) of terminal

operations.

The following pages provide a listing of the "MANCAN" Program.
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Appendix A
Manufacturing Cost Analysis (MANCAN) Program Listing

FILES egegese _
DIM ASCI393,BC8)CC33,87)
Div AC1383.D(1382 e
DiM GlR1-23-,E¢8183,2¢17?
DIM R(272 .
LET LAeLSoL6=15/1680
PRINT®DO YOU WANT TO RUN USING FILE INPUT? TYPE YES OR NO."s
INPYT XS
IF X$="YES™ THEM %68 = _
PRINT. DO _YOU WaNT THE @U?PUT I¥ °S° GR °% OF TOTAL COST°?*3
PRINT “TYPE % OR Z.™2
WPyt YS .
PRINT “D0 YOU DESIRE USER INSTRUCTIONS? TYPE YES OR NO.™5
1MPUT .BS ..
IF DE=™NO™ THEN . 686
PRINT = THERE ARE FIVE FACTORS WNICH MUST BE !NPUT WHEN THE™
PRINT “NEXT QUESTION HMARK APPEARS. _THESE MUST BE INPUT IN THE™
PRINT “FOLLOVING ORDER: K1sK2sK3sKas K5
PRINT “WHERE:™
PRINT
PRINT ®  Ki= LINE_NUMBER (1,8,0R 3)"
PRINT TABC(S)3"Ki=ig STATE-OF=THE=ART MANUFACTURING LINE™
PRINT TAB(S)3"Kis23 IMPROVED MANUFACTURING LINE -
PRINT TAB(S23*Ki=3: ADVANCED MANUFACTURING LINE °
PRINT * K2 ALLOGWS THE PRODUCTION RATE SELECTION®™
PRINT = .{K@=i FOR 2/YR, K232 FOR 26/YRX™
PRINT ® K3 ALLOWS THE SELECTION OF THE STRUCTURE™
PRINT = .K3=i FOR THE TANK ASSEMBLY™
%

PRINT K322 FOR THE MARK XII ADAPTER ASSEMBLY™

PRINT® K4 ALLOWS THE SELECTION OF A CHANGE TO BE MADE TO THE NOMI®

PRINT®  HMANUFACTURING L INE™

PRINT Kazis FOR THE NOMINAL LINE™

PRINT © K4z2: ANY COMBINATION OF THE FOLLOWING CMANGES™
PRINT = K4=3: TOLERANCES ARE RELAXED BY 186%™

PRINT = K4=4: DESIGN CHANGES REDUCED BY 280%™

PRINT = K4=S: PRODUCIBILITY FILE ENLARGED BY S@g®
PRINT © K4=gs ISSUE _JOINT ENGR/MFG/QC SPECS™

PRINT = K4=73 IMPROVED SHOP SCHEDULE & LOAD"™

PRINT < K483 REDUCE QUALITY REG°MTS BY 202~

PRINT = K4e9: DECRTASE PRE-MFG. LABOR RECYCLE TO 12%%
PRENT . MOTE: 40% LABOR RECYCLE CONSIDERED NOMINAL®
PRIET = K4=l@s REDUCE DESIGN COMPLEXITY BY 203>

PRINT = Keu133 CONSOLIDATE TO 1| FACILITY™

PRINT * K4=12: GO FROM MANNED TO UNMANNED™

PRINT © H4mi3: INCREASE PRODUCT SIZE & wWT. BY 2%
PRINT = Kémid4s TRAIN 50% OF WORK FORCE™ .

PRINT » K4=1St GO _FROM UNCLASS. TO CLASSIFIED SECURITY*
PRINT = K8s16s MOVE MFG. PLANT FROM_FLA. TO OHIO®
PRINT = .Keel75 DELETE PLANT SAFETY PROGRAW™

PRINT = K4=88: S YR ST. LINE DEPRECIATION™



Appendix A
Manufacturing Cost Analysis (MANCAN) Program Listing (Cont. )

344 PRINT = K42193 SUN OF YRS DIGIT DEPREG.™

346 PRINT = _K4=2@3 INCR.. SHOP LOAD 16% FOR CORRECTIONS™
558 PRINT *.  KS IS THE TOTal. PROGRAM LENGTH IN YEARS™
£35S G6. 70 gsee |

566 FILE #4,"INPUT*_

578 READ #4sK1 KB KIoKAs KSsPSsKESs Po YE

S8¢ IF END ¥4 THEN 70858

598 80.TQ 645 =

688 INPUT K1,K2oKIsK4eKS

416 I¥F DRa"NO™ THEN 48

628 PRINT™DO YOU WANT DETAILED OUTPUTCENTER D)»OR SUMMARYCENTER S)™3
448 INPUT PS

645 LET Q$=PS

658 IF Ki»3 THEN 220

868 IF Ki=2 THEN 700

676 IF Xiu3 THEN 726 .

680 LET X1$s"STATE-OF-THE-ART MANUFACTURING LINE CLINE 1)
699 30 TO .79

788 LET X1$s"IMPROVED MANUFACTURING LINE CLINE 2)*

719 GO T0 730

728 LET K1Ss"ADVANCED MANUFACTURING LINE C(LINE 3)*

738 IF Kgsi THEN 860

T40 LET Ke=20_

186 IF XS=“YES™ THEN 808

768 IF DS="NO0™ THEN 796 =

776 PRINT™DO YOU WANT A LEARNING CURVE EFFECT INCLUDED? YES OR NO™3
799 INPYT KéS .

80O 1F KeSs “NO™ THEN 876

810 IF XSa"YES™ THENSTO

828 IF DS="NO" THEN 840 .

836 PRINT “ENTER THE PERCENT STANFORD CURVE DESIRED *3
840 INPYT P _

830 G0 TO a718

860 LET Xés2 |

876 IF K3s1 THEN 968

886 LET X3$="SUPPORT FRUSTUM STRUCTURE CELEMENT 1)*
898 G0 .TO.932_ . _ .

o88 LET K3$s"PROPELLANT TANK STRUCTURE (ELEMENT 2>
910 60 Tq 932

08 PRINT “SORRY, MOT AVAILABLE YET

936 80 TO 7006 =

932 IF Ka<>2 THEM 968 _

934 IF X$="YES™ THEW 942

936 PRINT “ENTER THE TOTAL NO. OF CHANGES™:

938 INPUT Zi.

246 GO TO 946 .

942 READ #4021

944 GC TOQ 948 .

946 PRINT “ENTER THE™SZ15“CHANGE NUMBERS™S

948 MAT Z =ZERCZ1)



Appendix A
Manufacturing Cost Analysis (MANCAN) Program Listing (Cont. )

?5€ IF A3="YES™ THEN 956

982 MAT INPUT Z

934 GO Te 968 _

938 MAT READ £4,2

48 PRINT

242 PRINT

264 PRINT

97¢ PRINT TAB(22>:“HANUPAGTURING COST ANALYSIS®

988 PRINT TAB(223s TEERREEEEEERERPANREBRERERRE R
998 PRINT

1088 PRINT

1818 PRINT . .

1028 PRINT “LINE: “3K1$

1036 PRINT . __ .

1640 PRINT “STRUCTURES “3K3$

1056 PRINT .. .

1060 IF K2si TBEN lQ’G )

1979 LET K2%="29 PER YEAR"

1088 G& TO 1108 . .

1999 LET K282%2 PER YEAR™  __ .

1148 PRINT “PRODUCTION RATE: "3KES

1118 IF X221 THEN 1143 . .

1128 IF KESa NO™ THEN 1141

1139 PRINT

1140 PRINT “PERCENT LEARNING CURVE USED:™3P

1141 PRINT. )

1168 IF 84»1 THEN ll’e .

1176 PRINT™VARIATION FROM THE NOMINALS NONE™

1186 GO. TO 1409 _ _
1192 PRINT _“VARIATION FROM THE NOMINAL S CHANGE NO.(S) "3
1193 IF _K4<»2 THEN 1208

1194 FOR =1 TO 21

1196 PRINT Z<13: .. .

1198 IF I=Zi THEN 1204

1268 PRINT"+™3

1202 MEXT I

1204 PRINT™ =

1206 G0 TG 14898

1268 PRINT K4 _

1219 GC.TO 1400

1406 PRINT .

1416 sg:nt”TOTAL PROGRAM LtNGTH:":KS:"YtARS: NO. OF UNITS PRODUCED:*3KSE
1426 NT

1424 PRINT™LABOR RATES=C$/HR)3 PRE=MFGo=31080%LA3™8 GoCo="}
1425 PRINT 10002L55%3 MPG-~"31000%L4%

14286 PRINT _

1436 FILE #3,"FACTORS®

1435 MAT READ #3.0 . _

1436 IF Ka<>2 THEN 1445

1438 FOR J=si TO 17
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1437
1440
1441
1442
1445
1448
1458
p468
1478

1483 1
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FOR I=§ T8 .21

LET CC8,J020CR JIBCCZLI3,4?

NEXT §

NEXT J.

IF Y$<»"%" THEN 1458

LET_Pgawg®

IF. PS=™S™ THEN 148S I,
PRINT = DETAILED CALCULATIONS™

eBl"t L PRV PAEDORRDBPBODOne e S

PRINT .- . - cem oo
1T K3isg THEN 138¢

498 1IF Ki=zg THEN 1368

k¥

1508
i31¢
1320
1338
13408
133¢
1560
15768
1584
1581
1882 1
1583
1584
1388
1586
1587
1588

e v

1590

1610
1520
1638
1640
1658
1668
1665
1678
1680
1690
1748
1710
1188
1238
1731
1738
1733
1134
1738
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IF Kin3 THEN 1586 .
IFE PS="S" THEN 1348 .
PRINT TABCI8)s™PLANT MO, 1%
PRINT . .
FILE #1."LINEL™
60.T0 L399 .
FILE #L."LINER"
@0.TO 1596
FILE #1."LINE3"
g0 TR .1590.
IF Kil=2 THEN 1986
IF Ki=3 THEN 1588
FILE #1."LINES™
@0.T0 1590 __
FILE #1."LINES”
a0.TO 1399
FILE #1,"LINES™
FOR I=) TO 8
READ #1,AS(D)
NEXT I .
IF PS==S" THEM 1665 .
PRINT TABSS4)!AS£1))TAB!G!)!AS(R)lTAB(QS)lASIS)
PRINT ASC4)2TABCSA)145CS)STABCSP) JASC6) 3 TABLE5)3ASCT)
PRINT"ssxunaz"3TAB(54)3AS(8)3TABC66)3AS(S)
PRINT. . . . .__.
IF Xas2 THEN 1132
IE Ki=g THEN 1716
IF Ki=3 THEN 1738
FILE #2,”DATAL™
86.T0 1750 .
FILE #2.”DATA2"™
86 TO 1756 @ _
FILE #2."DATA3"
ad 70 1798 . . __.
IF Ki=g TMEN 113¢
IF Ki=3 THEN 1738
FILE 92."DATA4™
8¢ T0 1750

- G G O Y g sa s



1736
4137
1738
1758
1768
1778
1188
£188
1799
1848
i81g
1818
1828
1838
1848
1843
1858
1848
1878
1888
1898
1968
1918
1926
193¢
1940
1956
1968 I
1965 1
1970
1986
1998
2068
2019
2028
203€¢

205€
2633
2660
2876
2088

2168
2118
211
2114
2116
2120
2138
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FEILE F2."DATAS™
@b 18 17%8 .
FILE S2.*DATAS"
FOR #=3% TO 146
READ F1.,4%<Hy . .
IF EMD #1 THEW 1968 _
REA@ 5233(!303(2105(3908("
IF BIK2r=6_THEYN 1958 _
LET. ci*c(KQDBCQ)’*B(3’*B(KZ)
IF PE=™3* THEN 1836
PRINT 33(“)87&8(54’!3(3’!TAB(6!)33(K2”TAB(65’30!
IF K3=g THEN 1840
IF i3 THEN 1840
IF HN=83 _THEN 1940
LET SisSi+0y . _
IF U3=2 THEW l’SQ
IF Ki=i _THEN 1950
IF ¥e=83 THEN 1959
i¥ PRa“S* THEN 1939
PRINT
gg;:; TAB(3§)3“’LANT l TOOLING COST (KS)"!TAB(G‘)’S!
PRINT ?AB(3G)I"PLANT NO.2"
PRINT _
If Negz T“Eﬁ 1950
LET S2=82+(12
NEXT N
i ?SA“S" THEN 205'
iF Ka=g THEN 1980
IF Ri=3 THEN 2006
LET S2=06
84 70 2626
PRINT |
PREINT TﬁBfSC)S”PLANT 2 TOOLING COST (KS)"!TABSGO)IS?
PRINT TAB(3833°TOTAL TOOLING COST (XS)"3TAB(64)381¢82
PRIWT
PRINT. . _
LET LQBKS‘KS .-
IF Ha=2 THEN 2134
IF Rixs THEN 2106
FILE #1,*FACILI®
READ 5!aCSa@AaCSaGG:C?:CG:C’:DI
88 T¢ 2126 .
FILE #1,"FACILS*>
READ 21,03:04
8¢ 76 2128 ..
FILE #1,”PACIL3"”
READ 81,03 .
IF P§=2™S" THEM 2165
PRIMNT
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TN

2146 PRINTFACILITIES™S TABC 6825 °TOTAL COST™

£1.3¢ PRINT “ussassssss™jTAB(E3)37I(KSI*

2166 PRINT.._ . .

2845 1IE K3ng THENR199

2176 IF Kimi THEN 2290

2186 IF Kg=2 THEN 2236

2196 LET J8=03sCiNanial

2806 LET 9=

22i® LET TSed.

2220 06 .TO 2260

2236 LET $8uCA*CCKAr14)

2248 LET 359%6

2256 LET TS=¢ . ..

2260 IF PEa"S™ THEN 2649 .

2276 PRINT®SGO MSOLIBAT!D MANUFACTURING & ASSEMBLY PLANT*) TABC 63)38!
2066 90 TO. .8548. ___.

2890 IF X@si THEN 2350

SIA6 LET T42COGIKA»13)

2315 LETITSsLOSDISCINK413)

2380 LET S8=CeeC(Xeo18)

2330 LET 892C¢eC(K4,14)

2346 80 TQ 3%

2356 LET S8=C3*C(K4s14)

2368 LET S9=CS¢C(X418)

2378 LET TA=CT*CLXA13) . ..

2386 LET_T5=L0*C82CCKAe1Y)

2390 1F PE==S" THEN 2648 . .

2406 PRINT"S06 PLANT #_1-MANUFACTURING™ TAB(63))S8
2418 PRINT"GO0 PLANT #2-ASSEMBLY™2TABC(63)3 39

2489 PRIMT TAB(S])sPacavcnann

243 PRINT TABC43)338+S%

2448 PRINT

2456 PRINT .

2468 PRINT"TRANSPORTATION®

2476 PRINT"snzesnzassssse®™

2486 PRINT _ =

£496 PRINT“I8R TRANSPOBT 100 MILES FRON PLANT i TO PLANT 2~
2508 PRINT“761 NON-RECURRING COST™3TAB(63)3T4

2516 PRINT™702 RECURRING COST"”sTAB( 433373

2528 PRINT TAB(E1)s"vrenonea®

23538 PRINT TAB(43)2T4+TS

2546 PBINT

2356 PRINT . _

2366 PRINT NEAR=TERM. .PRE=MANLFACTURING. .OPERATIONS®
2578 PRINT"zzesecnesss s REtERCNScEReSR86208R8288%
2586 PRINT |

2396 PRIMT tAB(QS)}.“HON-RECURRlNG COSTS"

26686 PRINT Tﬁag25)j“ooccounco.coos.eeog"

8616 PRINT .

2626 PRINT ?AB(!Q”“!‘!IH"BTAB( $8) 3 "M/HRS™3 TABC “)l"TOTAL coST™
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2636 PRINT TAB{(&3)3"(K$I"™
2646 FPILE #1,"LiPREN®
26%¢ FILE_#8,"DiPREM™
2668 ¥MAT READ #2,6

2676 FOR_N=1TO 11

2686 READ_21.A8CNY _ __.
2496 IF N<z16 THEN 2770
2788 IF P§=~S" THEN 2779

8718 PRINT TaB¢ 5.,’“0.-000.-“’_1‘3(“).”----...-.-"
2728 PRINT TAB(27)3"NON-RECURRING TOTALS*3 TABC49) 3 863 TAB( 6133 S5

2736 PRINT

2746 PRINT TAB(J@)3“RECURRING COSTS"
2756 PRINT TAB(30)s"cecocncesccosaa®
2766 PRINT

2778 IF N>9 THEN 2808

21868 LET L3sL4

2785 IF K3=2 THEN 2895

2798 80 .T0 2898

2808 LET L3sLA*LO®

2882 IF K3s2 THEN 2816

or10 IF K2=)] THEN 2898

2814 G0 TO 2826 _

2816 IF K2=1 THEN 2895

28268 IF K&S="NO" THEN 2876 .

2836 LET S’LOG(PI!BB)/.693!

2838 LET E2u8

284@ FOR I=1 TO INTCC20#KS)#18+.53/10
2845 LET Ein(Idas

2848 LET E2=E2+E1

2858 MEXT I __

2852 LET F=(E2)/(209KS)

2868 G@ TO 2886

2676 LET Fei

288 LET L3=FelL3

2885 IF K3=2 THEN 2895 _

2689¢ LET EC(MI=GIN,2)4CC(Kas 1 TI4L3
2892 GO .TO 2948

2893 LET. E(N)tG(Nal)#C(K4ol7)tL3
2986 IF P§s~S"™ THEN 2920

2915 PRINT ASCNY3TABC 49> IECN) /LA TABC 61
2926 IF N>9 THEN 2968

2936 LET SS=S5+ECN)

2948 LET S6235/L4

2958 60 .TQ 2986

2960 LET STaST+E(N)

2978 LET Us=87/L4

2986 WEXT N _ .

2999 IF PS==S" THEN 3865

IIECND

”ag PBl“T TAB(“)’”a.ueoono“"""(“”"-Q--anouoo“
3818 PRINT TABI29)3”RECURRING TQTALS"STAB(4,)JU6STAB(‘!3337

o ek R > K D O S O TR AT 9D XD G SIS N e R GED WA GO D B S XD T AT Y B D R B3 4D A o G G G
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3163
3164
3143
3166
67
3148
3149
M
k1941
3178
3113
3114
1S
3116
nm
3118
3179

3181

3182
183
3185
3L.86
3188
3194

Je1e
Jege
3238
3246
356
3268
3278
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§ PRINT

PRINT tasti"l“IOTAL thunktna AND NON-R:CURRINB PRt-nrle CGSTSﬁ”s
PRINT TABI{§2)388+87

PRINT

PRINT.. . .

ir Ka!t THEW axie

If Xi=2 TMEN 311€

IF Xis3 THMEM 3336

FILE #lo2LINELP>

80. 76..318% ___

FILESI s LINE2P

60 T0.318%. _ ..

IF. X2=2 THEN 3168

FILL #L."L1INE2P™

G0.T0 2188 _

FILE #1."LIN3AP™

80 TA .3885. _....

IT K122 THEN 31171

IF Ki=3 TMEN 3178

IF Ke=2 THEN 3168

FILE £1,"LINESE™

FILE #2,"DATA4P™

@Go. T0 Ass. _ _

FILE fl."L1KsAP"

FILE #2,"DATaAPrP>

60 TO..318%. . .__

IF_X2=2 TMEN 317%

FILE #i,"LINESPE™

FILE #2,"DATASP™

60 TO 3188 _ |

FILE #1,"LINSAP*

FILE 72, DATSAP"

80. T0 Ass

FILE lla"L!NECP“

EF._X2=2 THEN 3183

FILE #2,"DATAGP™

e0_TO 318 .. _

FILE #2,"DATs4P™

DELIMIT #8.¢CLF32 _

IF K3%2 TMEN 3576

iF Hi=1l TMEN 3578

FOR_I=17012.

READ #1,A8¢1)

NEXT 2 . . .

I1E. Pg="8" THEH 3310

PRINT TAB;SS)!AS(1):TA8144>3A3(2)3TA3153)303(3)3?AB(58);
PRINT ASCA2TABCESISASLSY | )
PRINT As<¢l&1ﬁnt35>&ﬂ3¢1)3fnn¢43>1A$(8);TAB(5233A3(833
PRINT TABCS59)3ASCR)5TARCAGIIASCTY __
PR!nr“unnssvnzasssn--!as-ntts"tTAD(SS):AS(al):TABCAS):AS(!!):
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3268
3296
3348
3318
3350
3360
3376
3388
3398
339
3466
3416
3420
3438
39490
3456
3460
3470
3466
3496
35ae
3519
352¢
asae
3524
3526
3538
3548
3550
3568
3579
asse
3599
IsnG
3616
3628
346360
3646
3659
366486
36635
3678
3688
3698
3760
31718
3129
3736
3164
3778
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PRINT TABCS2)5ASC11)3TABC66I5ASCID)

PBINT . ..
PRINT ASci23
FILE #2."DATALE"
FOR ¥=13_TO 124
LET LA=KS=K¢/
LET LiaL35=Le
LET L2=L.6*L0
READ #1,AS(M)

READ._.#25D¢1),DC235DC3)oDC4)sDC5),DC8)»DCTI

I® N=23 THEN 3520
IF N=27 THEN 33520
i M=41 THEMN 352¢
IF N=48 THEN 3520
IF N=g: THEN 3520
IF Na6R THEN 3520
EF N=8i THEN 3520
IT N=RS THEN 3520
IiF N=i1@Ql TMEN 23520
IF N=111 THEN 3529
LET M=l=12-L

86 .70 3999

LET L=ief _

FOR IsiTQ 7_
BACKSPACE g2

NEXT %

IF P§==S™ THEN 3568

PRINT

PRINT 4$¢(N}
80 .T0..4380
FOR_I=4TO 11
READ Fl.ASCI)
MEXT 1 _

IF P$="S™ THEN 364S .

PRINT TAB&S’)!Ai(I)ITAB(46)!&3(2)}TAB(53)3A3$3)lTAB(‘l)8A$(4) .
PRINT ASCS)3TABCI?)IAS(6)1TABCAS) 3ASC )3 TABCS2)5ASC 7).5 TARC 62> 3ASC 6)
PRINT AS(B8)sTABC29)3AS(9)s TABCAS)ISAS(13) I TAB(S2)>3ASC10)ITABCE2) 3

PRINT AS(9}
PRINT .

PRINT. AS(!R) -
IF X3=2 THEN 3764
iF_ ¥Hi=3 THEN.3700
FILE #20"DATA2P"
80 70 3744, ___.
IF.K2=2 THEN 3738
FILE 82:"DATAIP"
8610 3764 . .
FILE_£2-"DATIARY
IF _K3a2 THEW. 3772
FOR N=12 T 139



4076
MAEP
4100
AL88
4148
4141
a1 42

Manufacturing Cost Analysis (MANCAN) Program Listing (Cont. )

| 60 T 3786

IF K122 THEW
IF Kis3 THEN_

- -

3716
3778

FOR N=12 TO 46

60 _T0..3784 _

-

FOR N=12 TO 47
a8 _T0..a7188 _.
FOR N=12 _TO 36

LET LAaKI=Ké
LET Li=L5+L®
LET L2alsoLE
READ #1,A8(N>

READ _#2,0¢1),0C2,D(35DC 42 ,DC5),DC 6D

IF Xa=§ THNEN
4 30 TO_4266..

IF Nx22 THEN
IF Nu2gé THEN
IF N=a3 THEN
IT N=5S2 THEN
IF Rng9 THEN
IF N=x7¢ TMEN
I N=293 THEM

IF N=1a8 THEN 3936
IF N=113 THMEN 3938
IF N=121 THEN 3938

80 .70 3948
LET Lsi+t
FOR Jeot T0 ¢
BACKSPACE #2
NEXT X

IE. PSa"S* THEN 4308

PRINT
PRINT AS¢NM?
80 TO a3faa .
LET MaN-{1=L

IF Kg=i THEN 4680 _
IE X6S= “NO™ THEN 4958
LET $mLOG(P/100)/:6931

LET Far
LET F=p
80 TQ. 4849
LEY Fmi, ...
LET Li=Faly
LET L2=rsL2

LET T1sLA*DC128CCKA,D(2))
LET T2=Li»DCI2C(KAE,DCA))
LET T3=L2%D(SI8Q(K4oN(63)
LET ACMI=INT(CT1+T29T3)91006%.5)/1000
LET TE=INT((T/LS)*1000+-5)/1000

3s2e
3238
3230
3230
3238
3238
3238
3938

-

Appendix A

LET T7=INT((TI/LE321088+:5)/1086
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9158 3? ?%S“S” ?ﬂtﬂ 4238
4L68 PRINT AS(N2s _ |
2165 IF Xa=p THEN 4216
4176 IF Ki>1 THEN 4218 . -
4188 PRINT 7Aatas):rlzraa¢41):Tssrastsosxrvzrantso)o
4198 PRINT DC(7)3TABCEAIIA(M)
Gﬁ-To 4240.- e e e i ee e e e
4219 PRINT TAB(I?>3T13TABCA6>3TE3TAB(SI) 3 T73TAB(61I3ALM)
4200 GG TD.42%6. ___.
4238 IT Ki=] THEN 2230
423% IF K322 THEN 4259 ..
4248 IF D(7)522 THEN 4310
4259 LET S3aS3eA(M?
4268 LET MisMi+T}
4279 LET Q012Q1+Té
4284 LET Q3=a3+T7 ... .
4285 IF K3s2 THEN 4380
4299 IT Ki=zi THEN 4386
4304 1F K3=2 THEN 4302
4381 60 TO 43648 _ . __
4382 IF Kia2 THEN 4354
4393 1IF Xis3 _THEN 4352
4304 86 T0_4356
4318 LET Sa=nS4+4IM)
43286 LET M2=M2+T}
4338 LET 92=02+Té
4340 LET 04304+T7
4350 80_TO 4380
4352 NEXT N___ .
4353 G0 _TO 4398
4354 NEXT N_ __
4355 GQ_TO 4399
4356 NEXT M___
4357 80_TO 4398
4360 NEXT N_ __.
4378 GG_TO 4399
4380 NEXT N. . .
4396 IF Ki=i THEN 0639
4406 LET Sa=0
44186 LET Q2=0 .
4428 LET Qa=f = __ __
4436 LET T-SI032033934035481074+154ss¢39
4431 LET Q0S=INTCQI*L5¢1000+-5)/1000
4432 LET Q6=INTC(QI*LA+1000+.5)/1000
4433 LET 97=INT(92*L.5+1008+-5)/1000
4434 LET. Q@83INT(Q4asL671008+:5)/1000
4435 IF ¥8<>*%7 THEN 4448
4436 PRINT
4837 PRINT TAB(QD)E“TOTAL PROGRAH COST 'T'-"lttllﬂll”DOLLARS“
4438 PRINT

P e e e e e e e e " A T oy (A ] -
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4439
4440
4345

4468
4478
4424
4475
4486
4490
4386
4310

4330
4540
4336
4368
45178
4578
4580

4592
4680
46106
2629
4638
4640
4458
4669
467@
4680
46968
4692
4694
4696
4698
4140
4718
4788
4738
4TA€
4748
4158
4768
4778
4788
41796
4206
4816
4828
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8¢ sSuUB 531§

1T PEn 5™ THEN_adse

I€ K3aR THEN 4468

IE Ki=i. THEN 4496

'R:nt t‘,(”)l“o.o-qoo eBesae awee@s .-o-.--qtt“__
PRINT TAB(Q”}"]lTﬂﬂ(‘7!30|3TAB(54”°3’TA’(‘22133*34
PRINT TABL2SY3*LAROR GOST (K8)"3TABC(A3)I3 (™30

PRINT Z)%3TAB(SS533%(*Q62%)>"

80. TG 46860

BRINT . . . . L L .o e
PRINT TABCAJIs™PLANT 1”2TABC(S3I)s"PLANT £2%3TABCS8)Y 3" TOTAL™
PRINT TAB(43) 3 cvencea™tTAB(S33) 3% s vecan® s TAB(4S) 3 eoree™
PRINT*MANUFACTURING PROCESSES”3KS3“YR COST°(K3)”ITAB(4.)3333
PRINT TAB(58)5S4A3TAB(A2)3S2+S4 .

PRINT TAB(S)Ss™MATERIAL COST'(KS)“ITAB("’lﬂl!TAﬂ(S"lﬂai
PRINT TAB(A2)sM1l+M2

PRINT. TAB(S’I"’UAL‘T? CONTROL LABOR'("/"RS)“’TAD(“)'Q"
PRIMNT TAB(SE)3Q23TABC4RI5Q1+08 _

PRINT tﬁl(g?)ﬂ"‘(ﬂ”“”&'(3ﬂ)SQSITAB(421!01’7AB‘62)3°3‘°7
PRINT TABCS);“MANUFACTURING LABOR-(M/HRS)*3TAB(A8)30Q33
PRINT TAB(S8)5Q43TAB(42)3Q3+4Q4 .

PRINT TABC25)3%=C(KS$)"s TABC38) 3063 TABC 49) 5085 TABC 62) 106+08
PRINT

PRINT . __ .. _. e e e L

PRINT TADC23)73"SUMMARY OF RESULTS™

PRINT TAB(2S ) oo cnsncescvnscacana®

PRINT '

PRINT ., _.. ..

PRINT TAB(21):“HAT'L“)TAB<31)5“0-0."3TA8(41):“MPG.":TAB(A’):
ERINT"PRE-MF.G."3 TARCALY3"TQTAL"  _

PBINT TAB(ZI)!“CGSI"JTAB(SIll”LABOR"itABCQl)S

PRINT. “LABOR”3TAB(S51)3"LABOR®S TABC61)3"COST"

IF _Yea"s"” THEN 47@0

PRINT TAB(21)37CZT)*3TABC38)3"(ZT)"5TABC40) 5
PRINT “(3TI)"3TAB(SOI3™(XTI)"3TABCE1)32 (XY™

0. TQ 4728 _

PRINT TAB(Q[)3“(KS)“!TAB(SO)J”(N/BR)“)TAB(40)}
PRINT "(M/HR)>"3TAB{S832"{M/HRI™2 TABC 81 )37 (KS)™
PRINT . .

BBINT”TOOL!NG"JTAB(GQ)!Sl+82 ..

PRINT “FACILITIES™s TAB(68)3S8+59

IF Kisg THEN 4790

IF Ki>1 _THEN 4796

PRINT*TRANSPORTATION™

BRINT™ NON-RECURRING COST™3 TABC&E)5T4

PRINT™_ _ RECUBB!HG~G°ST”3TAB(éﬁ)iTS
PRINT"PRE=MANUFACTURING™ _

PRIMT™ NON-RECURRING GQST”JTAB(9933SG!TAB(GQ)!SS
PRINT™ _ RECURRING.COST™3TABC4923U62TAB( 603381
PRINT™MFG. PROCESSES”™s TABC26) sM1+M25 TAB( 3853 01+025
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48306
4846
4856

4878
4|12
ABTA
4876
4877
ABT?
4886
4899
498¢
5058
5069
5878
%812
5873
5074
$816
5678
5088
5498
5188
5419
5120
]388
8316
5320
%338
5340
5338
%3602
5370
%388
5398
5400
5418
5426
8436
S448
2438
546€
5479
5480
5496
5506

6019
6028
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Appendix A
Manufacturing Cost Analysis (MANCAN) Program Listing (Cont. )

PRINT ?AB(4;);93+04:7AB(6&):33054

PRINT TABC19)3%emcecoc=e®  TAB(29) s ononascar s TABC39) 3

PRINT®==r=caceneTAB(49)§  nonoomcacam  TAR(§1) N ommcnoonant

PRINT TABC(20)3MI+UE3TABI(I8)Y3012023TABCAB)3Q3+Q43 TABISE) S

PRINT. . US+S43TABCSQ))3 T

IF.¥8="%" THEN 4879

PRINT .

PRINT"LABOR IN (KS)“;TAB(Q?):“(“305#013")”3TAB(39)3”("3

PRINT. .06+Q83% 278  UNIT COST:™3T/(KS*2KE)

iIF K3=2 THEN 3030

IF . Ni>t THMEN 5650

PRINT

PRINT .. .

FOR lﬂi by 6

PRINT

WNEXT & .

IF Qgawsg*> tﬂtﬁ 5080

IF Y$a"3%" THEN S688

LET PS=aS

LET Yeavgg™

G0 T6 .1460 . .

IF _X$="NO" THEN 1000

RESTOE! #1

RESTORE#2 _

RESTORE #3_..__..._..__

kg? L131152353-S4'35-S1t74-75-88859-ﬂl8H2-01802-03=04106-3680
70..572 .

LET Sl'Sl*lﬂO/I

LET $2=52%108/7T

LET S8=S8%1060/T

LET §9=39+100/7T

LET .T4=Ta%1006/T

LETTS=TS*106/T. .

LET Us=UssLa*100/T

LET $6=S6sL4%1Q8/T

LET $5=25%#106/T

LET 87uS7#106/T

LET Miz=M121086/T

LET W2=M2*i186/T .

LET Qi=2Q1sL5%106/T

LET 92=02*L5%108/T

LET 93m03+L£55106/T

LET Qengael éeiassT

LET 33=83%39€/17

LET S4=S4»1088/T

LET_T=i900

RETURN e e e e e,

EB!”T“MANUEACT“BING PROC!SS!S“DKS:“YR CQSTotST)"tTAB(AO>!SSS

PRINT TAB(5813S45TAB(62)253+84 . .

PRIMT TABCS)S“MATERIAL cosr-<:7>~sraataossnasraacsa>:ngs
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6118
6113
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Appendix A

Manufacturing Cost Analysis (MANCAN) Program Listing (Cont. )

PB!NI IAB(GQI!UI#UQ

PRINT TABCS)3“QUALITY. CONTROL _ LABOR°€!T)”3TAB(4‘)DOI!
PBINT TABCS0)3025TAB(42)301¢02 _
PRINT TABCS)3™MANUFACTURING LABOR~CZT)*5 TABC 4073035
ERIN\ TAB(S50)504:TAB(6273Q3404 .
6080 PRINT "FACILITIES: MF8e & ASSEMBLY=CXT)™5 TABC 493 5 S8
6A%8 PRINT TAB(S5873S93TAB(42)388+89 .
8140 PBINT “TOOLING=CXTI"3 TABC 48)3S1 3 TABCS@) 3SR TABC 620351082 . _

PRINT*TRANSPORTATION=(XT?* 3 TABC 41 )3 “FROM

RETURN . . ..
IF King THEN
IF K123 THEN
IF N=g2 THEN
IF N=29 TNEN
1F N=38_THEN
80 TQ 3986 .
IF Nug3 THEM
IT N=39 THEN
IF N=39 THEN
60 T0..3986 ..
IF N=17 THEN
IF N=22_ THEN
60 .T0 3989
™D

5860
6308
3938
3238
3938

3938

3930

3938

3938

3930

TO™3 TABC 6253 TA+TS

€ 2 @ 0D ©H €0 IO & £ OO T 6P T ED G S @D 65 @D W 5 P T & 6D T D G WD WD DD
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APPENDIX B

LISTING OF COMPUTER OUTPUTS (BY RUN NUMBER) USED IN DETERMINING

THE IMPACT OF CHANGES TO FACTORS ON MANUFACTURING COST



APPENDIX B

INTRODUCTION

This Appendix provides a detailed tabulation of the results of the significant computer
runs from this study. References to changes in the manufacturing processes are made

by number and refer to those changes tabulated in Figure B-1, Cost groups are noted

in Figure B-2,



Change Number

3

4
5
6

10
11
12
13
14
15
16
17
18

19

20

Change Description

Relaxed Tolerances by 100%
Reduce Number of Design Changes by 20%
Enlarge Producibility Information File by 50%

Issue Joint Engineering/Manufacturing Quality
Control Specifications

Improve Shop Schedule and Load—15% Less
Changes

Reduce Quality Required by 20%

Decrease Pre-Manufacturing Labor Recycle
From 40 to 12%

Reduce Design Complexity by 20%
Consolidate Facilities—One Factory
Manned to Unmanned

Increase Product Size and Weight 20%
Train 50% of Work Force
Security—Nonclassified to Classified

Site Selection—Labor Cost Florida to Ohio
Delete Plant Safety

Depreciation—Straight-Line
F-1 to "0" in 40 Years
F-2 to "0" in 14 Years
T-1+ T-2 to "0" at End of Program

Depreciation—Sum of Digits
F-1 to "0'" in 40 Years
F-2 to "0" in 14 Years
T-1+ T-2 to "0" at End of Program

Increase Shop Load 10% for Discrepancy
Corrections

Figure B-~1, Change Identification




Cost Group Cost Group
Number Designation Title

1 M1 Raw Material

2 M2 In-Process Material

3 I1 Inspect—Form, Dimension
4 12 Inspect—Weld, Bond

5 I3 Inspect—Assemble, Other

6 S1 Machining

7 S 2 Forming

8 S 3 Joining

9 T1 Tooling, Material, Handling
10 T 2 Jigs and Fixtures
11 Al Test—Accept
12 D1 Storage
13 D2 Transport
14 F1 Facilities—Buildings
15 F 2 Furnaces and Machine Tools
16 P1 Processing—Chem Mill, Anneal,

Cure
17 L1 Pre-Manufacturing Labor
Figure B-2. Cost Group Identification
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Table B-1
Listing of Computer Outputs (Cont.)

Not Incorporated
Incorporated

N
Y

NOTES

100
100
100

100%
100%
100%

1

4
10

1
1
1

1077.9

301,9
154.3

1077,9

1207.6

1542.5

203

204

205
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